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(i)
Abstract of Thesis.
Known methods of thiazole formation have been applied 
to the novel syntheses of indeno-(l1:2’-4:5)-thiazole, and its 
2-methyl-, 2-phenyl-, 2-amino-, and 2-hydroxy-derivatives, from 
2-bromoindan-l-one. The synthesis of 2-mercaptoindenothiazole 
has been investigated.
Attempts have been made to obtain 3'-substituted 
derivatives of the more stable indenothiazoles, and 3’-oxo-,
31 -hydroxy-, and 31-benzylidene-2-phenylindeno-(l’:2’-4 :5 )- 
thiazole and 3*-benzylideneindeno-(l1:2’-4?5)-thiazole have 
been prepared. The direct route to the 3 1-oxo-indenothiazoles 
from 2-bromoindan-l:3-dione has on investigation proved 
unsuccessful.
The syntheses from 2-bromoindan-l-one of indeno- 
(l1:2’-4:5)-oxazole and its 2-methyl derivative, and of 
2-methylindeno-(l’:2J-4:5)-imidazole, have failed, the 
reactions resulting in conversion into 2 :2-dibromoindan-l-one.
3L0xoindeno-(l’:2’-3:2)-thiophen has been prepared 
by modification of a reported procedure; on reduction the 
ketone has yielded 3 ’-hydroxyindeno-(l*:21-3:2)-thiophen.
The 3 f-oxo-, 3 f -hydroxy-, and 3 1-benzyl idene - 
indeno-heterocycles mentioned have been subjected to the azido- 
reaction in order, primarily, to synthesise quinolino- and 
ijsqqui no lino-heterocycles; (iso )quinolono-( 4' :3 * -3 :2 )-thiophen,
2-phenyl(i_so )quinolono-(4? *3 ’-4'5)-thiazole, and 2-phenyl-
(ii)
(iso)quinolino-( 4 *»3 T ~4»5 )-thiazole have been so prepared.
(iso)Quinolonothiophen and 2-phenyl(iso)quinolono-
thiazole have been degraded by Raney nickel desulphurisation
to 4-ethyl(iso)carbostyril and 4-benzylamino(iso)carbostyril 
respectively; a record is included of attempts to establish
the structures of these latter compounds*
The mechanism of the azido-reaction is discussed.
Ring-expansion by rearrangement of fluorenone 
hydrazone has been attempted.
(iii)
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General Introduction
A survey of the literature relevant to the present 
work falls into four sections:-
(i) An account of the preparation and properties
of indeno-1:2-cyclic compounds, and the reactivity^ 
of the methylene bridge in such compounds.
(ii) The synthesis of thiazoles, forming an intro­
duction to the synthesis of some new indeno- j
(l1:2’-4:5)-thiazoles, I
j;
(iii) An account of ring-expansion via azido- [j;
i
reactions, with special reference to indeno- f
[
1 :2-cyclic compounds.
The interpretation of the results of azido-
I
reactions. [
i '
}
(iv) The mechanism and applications of Raney nickel [
\
desulphurisation.
Indeno-I:2-cyclic compounds 
The class is well-represented by the derivatives of 
fluorene (which could systematically be named indeno-1 :2-benzene 
but other three-ring systems have been synthesised which 
contain the indene structureh-
R = homocyclic or 
heterocyclic
(i)Thus, indeno~(l’:2’-4-3)-pyridine has been p r e p a r e d f r o m  
4-phenyl-lutidine-315-dicarboxylic acid, the cyclopentadienyl 
ring being last formed. 2-Mercaptoindeno-(l’:21-4*5 )-imid­
azole results from the evaporation of an aqueous solution
(2 )
containing 2-aminoindan-l-one and potassium thiocyanate , 
and represents final construction of the heterocycle on the 
indene structure:- ■
/
oo T----N
| ! + x scn ----- i ! i 1 H
! CH-HHp l! C-SKIV/
ch2
These two examples demonstrate the routes available 
to the indenocyclic compounds; no examples of final formation 
of the phenyl ring are recorded,
A reactive position common to all indeno-1:2-cyclic 
compounds is the 3-position on the indene structure (the
-  4 ~
9-position of fluorene):
Fluorene itself exemplifies in its properties the
reactivity of the 9-position. Oxidation with sodium dichromate
(3 )in boiling glacial.acetic acid leads to fluorenone in high
yield; bromination in carbon tetrachloride solution(4) at
80-85° is rapid in direct sunlight and yields 9-bromofluorene, 
which can be further brominated to 9 :9-dibromofluorene. 
9-Benzylidenefluorene results from the base-catalysed cond­
ensation of benzaldehyde and fluorene (5)
i
The Synthesis of Thiazoles
(a) The Hantzsch synthesis
The formation of thiazoles hy the condensation of 
o^halogenocarbonyl compounds and thioamides has become known 
as the Hantzsch thiazole synthesis. It is the most generally 
applicable method for the preparation of compounds of this 
class, since it requires reactants which are usually conven­
iently prepared; its generality is well-shown by the many
(6 )
substituted thiazoles which have been prepared by the method 
The reaction generally yields 2:4:5-trisubstituted
thiazoles
R'- CO - HoN.
+  .0 - R"
r '_j- N HX
R - i  +j ~  3-   5-K HpO
. R - C H - X  S ^
The use of thioformamide in the synthesis yields thiazoles
which are unsubstituted in the 2-position; thiazole itself 
has been prepared^^ by the condensation of thioformamide and
chloroacetaldehyde. The 2-substituent derives from the thio- 
amide, and the availability of a wide range of thioamides adds 
to the usefulness of the synthesis,
A modification of the synthesis is the use of thio­
urea in place of the thioamide; by this means, the 2-amino- 
thiazoles are produced.
Many classes of compounds carrying a halogen-subst­
ituted carbon atom adjacent to a carbonyl group participate in 
the Hantzsch synthesis. Generally, the reactivity of the
-  6 -
£>i-hal ogenocarbonyl grouping in the synthesis is unaffected by 
the other structures present in the compound; thus, thiazole 
ketones result from the Hantzsch synthesis with halogenated 
o O f  -dike tone s,
R - CO NH2
*  > rCH - X b .C - R 
R’- CO S
✓
R r.-r
R-CO'
--- N R-r
J-R'1 R'-CO-U )
SX  'S'
-R
two isomeric products theoretically resulting from an unsymm- 
etrical diketone. The reaction of 3-chloro-2:4-pentanedione 
with thioformamide yields 4-methyl-5-acetylthiazole in 55% 
yielh8,9 :^-
CH,-00 
3  1
CH-C1 +
NH< 
I ‘ 
CH
CH:
CH**-COJ
-N
CH-r-CO 3 3
4-Benzoylthiazole results from the condensation of 
bromoacetyl phenyl ketone and thioformamide^^
Ph-CO-CO
CH2Br
S'
nh2
CH
Ph-CO'
As a further example of the wide variety of fpC-halogeno- 
carbonyl compounds which can give rise to thiazoles may be 
mentioned the condensation of the oxime of bromoacetyl methyl ■ 
ketone with thioformamide^^
NOH 
CH3-C -<jJO
•f
NOH
i!
CH2Br
S
CH
CH3-C-n N
I  J i
- 7 -
The Mechanism of the Hantzsch synthesis
The condensation involves the elimination of one 
molecule of hydrogen halide and one molecule of water, and 
could theoretically be supposed to take place in two steps. 
An equation involving the enolic form of the o/-halogeno- 
carbonyl compound and the iso-form of the thioamide shows 
clearly the formation of the thiazole ring:-
R'- C - OH ■ ™  R !- C-OH HN
+• ,C - R" __ „ it il
R - C - X HS" ' K - C ^  0 - R"
" S '
/  +- HX
R 1- C------ N ^
I H
R ~ C .. C - R,r 1 h2°
S '
The sequence shown assumes that the first link is formed 
between carbon and sulphur with elimination of hydrogen 
halide; there follows ring-closure, with elimination of a 
water molecule. No evidence specifically designed to 
verify the separate steps has been reported in the cond­
ensation of thioamides with O^-halogenocarbonyl compounds, 
but the intermediate has actually been isolated in the 
analogous condensation of ammonium dithiocarbamate with 
o(-halogenocarbonyl compounds (see later account):-
R ’~ NH2 R 1- CO NH2
R - CH - X ,C * S  R - CH ..C - SH
s"  + N H 4X
-  8 -
The structure of the product is the indirect 
verification of the proposed mechanism; if hydrogen halide 
were eliminated by reaction between halogen and a hydrogen 
atom bound to nitrogen, a product different to that invariably 
obtained would be formed. Thus, the reaction of an o^-halogeno- 
aldehyde with a thioamide yields the 2:5-disubstituted thiazole, 
and not the 2:4-isomer.
The two mechanisms proposed for the formation of 
oxazoles by the condensation of c^-haloge no carbonyl compounds 
with amides have led to investigations designed to Justify one
(115or other course. Hantzsch ' proposed that hydrogen halide 
is lost between the carbon atom carrying the halogen, and the 
nitrogen atom of the amide, followed by cyclisation with the 
elimination of water:-
CH2X NH2 CH2 - NH CH - N n __ n
i + i  1 1 11 1 n
R - CO . .C - R' R-CO CO-R' £ R-C C-R'— * R-k Ij-R'
0 ' 1  ' n ^
OH OH 0
The product (if this mechanism is correct) is then the 2:5-
(12)
disubstituted oxazole, Lewy proposed the mechanism 
exactly analogous to that mentioned for the formation of thia­
zoles, i.e. the reaction between the enolic forms of the amide 
and the o^-halogenocarbonyl compound in which the carbon-nitrogen 
link is formed last, with elimination of a water molecule: -
R - C  - OH HN R-
1 1- fi
HC - X ,C - R'  o
HO^ 0
-R’
The product from this mechanism is the 2; jf—disubstituted oxazole.
oxazole is obtained (a) from the reaction of phe nyl - o(~b romo - 
acetaldehyde with benzamide, and (b) by the dehydration of 
benzoylaminoacetophenone:-
Since the latter dehydration (b) leads unequivocally to the 
2 :5-diphenyloxazole, the Lewy mechanism receives support, 
and Hantzsch’s formulation of the oxazole synthesis is shown to 
be incorrect. The mechanism of the thiazole synthesis is 
thereby indirectly verified.
(to) The formation of 2-hydroxythiazoles fromcx'-thiocyanoketones
Robinson^^) points to the evidence that the same
Ph - CH - Br CO - Fh
(a) CHO. nh2
Ph - CO CO - Ph
(b)
CH2 - NH
Isomerisation of o(-thiocyanoketones takes place under 
a variety of conditions, and leads to 2-hydroxythiazoles:-
- 10 -
As indicated, the 2-hydroxythiazoles undergo tautomeric
interconversion with the 2-thiazolones.
The simpler c/,~thiocyanoketones rearrange in aqueous
solution, isomerisation being influenced by the presence of
acid or alkali; thus, thiocyanoacetone (R = CH-^ ) rearranges
to 4-methyl-2-hydroxythiazole on standing in aqueous solution
with sodium hydrogen carbonate. The insolubility of the more
complex thiocyanoketones in water would be expected to require
(lg )modified isomerisation conditions, and de Stevens et al. 
have found that 2-thiocyanoindan-l-oneL
>.______
.CH-SCN
^  v  CO
V \ /  -°H2
does not isomerise
in aqueous media.
(c) The preparation of 2-mercaptothiazoles.
The condensation of the c/-haloge no carbonyl compounds 
with ammonium dithiocarbamate yields 2-mercaptothiazoles; the 
condensation may be considered as an extension of the Hantzsch 
(synthesis
R'- CO NH2 R !-C-----N
I 4. I P !|
R - CH-X ,0 = S ----> R-C ,C-SH
nh4-s' X S''
Tautomerlsm is also evident, in the 2-roercaptothiazoles,
- 11
Til© methoa offers wide scope with the variety 01 halogenated
A  a  (6 5ketones which, is available, and. many examples are recorded
The first step in the condensation is the elimination 
of NH4X; the intermediate so formed has actually been isolated
(16,17).m  some cases ’
heating:-
and has been shown to cyclise readily on
R f- CO
I
R - CH.
m 2 
,c « s
R 1-
R. -
P-- ■ T\
j \r R'-n
• 1•4 !-SH ^  R-1-\
NH
I
C=S
^  'S "
The thiol group can be replaced by hydrogen by treat­
ment with hydrogen peroxide in the presence of mineral acid;
thus, when 2-mercapto~4-(^  -hydroxyethyl)-5~methyl thiazole is 
(18)treated' 1 with hydrogen peroxide and concentrated hydrochloric
acid, the main product is 4-fo-hydroxyethyl)-5-mdthy1 thiazole:-\
H0-CH2-CH2-
c h 3 - \
S'
■N
I <■ 3 H202 
J.-SH
HO-CH2 -CH2-IT-— N +• HgSO^
2-Mercaptothiazoles can be similarly desulphurised by heating 
with Raney nickel; 2-mercaptobenzthiazole is thus converted 
into benzthiazole, and into a small yield of dibenzthiazolyi
, / N l
/V
'-SH
Ni(H) - f
•S'
■N
r
\Vr vy
A useful alternative route is thus offered to the preparation 
of thiazoles unsubstituted in the 2-position by the Hantzsch 
condensation of o'-halogenocarbonyl compounds with thioformamide; 
and, incidentally, further verification of the mechanism of the
- 12 -
Hantzsch synthesis follows from the preparation of the same 
thiazole, unsuhstituted in the 2-position, by the two routes.
The preparation of Folycj/clic Thiazoles
Examples in which the thiazole ring is built into a 
condensed system are to be found in the preparation of some 
benzthiazoles^^'^’ ^  ^ and naphthothiazoles^ ^ 5 ,
The alternative approach, in which the thiazole ring 
is introduced into an open-chain compound, and the resulting 
compoundpaused to cyclise, has also proved successful in the 
synthesis of some naphtho- and phenanthrothiazoles^ 4 )  ^
4-Phenyl- and 4-(l- and 2-naphthyl)-thiazole-5-acetic acids
were prepared from (A -benzoyl- and it-(l- and 2-naphthoyl)-
r
■Js-bromopropionic acids by the Hantzsch synthesis
HOOG x.
''CH
CH-
io
HQCC
The thiazole-acetic acids underwent cyclisation on heating with 
acetic anhydride and sodium ethoxide, to yield the substituted 
naphthothiazoles and phenanthrathiazoles (acetylated during the 
cyclisation):-
13
R
AcO
AcO
R ’
However, Knott^^) reported, the failure of attempts
to prepare ^-substituted 3’-oxo-indeno-(lT:2 '-4«5 )-thiazoles by 
the cyclisation of 4-(o-carboxyphenyl)-thiazoles and the ethyl 
esters -of 4-phenylthiazole-5-carboxylic acids:-
•CO
CHpBr
COOH
IT
COOH
S
i r
;J Li j L_r
Av"''' x  c o 7 x s
jSO
CH-Br
EtOOC
-N
i !
EtOOC/\ X
R
The intermediate 4~(o-carboxy phenyl)- and 4-phenyl-thiazoles 
were readily prepared by the application of the Hantzsch 
synthesis; but all cyclisation experiments (not specified) 
with these intermediates proved unsuccessful.
- 14 -
Recently, the preparation of several quinolino-
(2 ’ ‘3 ’ -4:5)-thiazoles and quinolino-(21 ; 3' -5:4) -thiazole s^^).
I) (II)
-R!- R
has been reported; the syntheses have started from 2-chloro-
3-aminoquinoline, which with thiourea has yielded (II, R « NH2 ), 
and from o-nitrobenzaldehyde, which condenses with 2:4-dioxo- 
thiazolidine:-
CHO
-NO,
4-
CH
tj
£
HO ^  NH ^
-~S
I
CO
'NO.
^ c ---
\
N
— S
I I
C-OH
The resulting nitrocompound was reduced to the amine, which on 
heating cyclised to the quinolinothiazole (I, R « OH).
- 15 -
Ring-expansion via Azido-reactions
The reaction of hydrazoic acid with aldehydes, ketones, 
carbinols, carboxylic acids, and olefins, in the presence of 
strong acids, results in the introduction of a nitrogen atom intc 
the molecule, adjacent to these groupings. Such reactions, and j 
the acid-catalysed decomposition of azides, have become known 
collectively as nazido-reactionsn. In particular, the reaction; 
of carbonyl compounds with hydrazoic acid in the presence of 
strong acids is known as the Schmidt reaction; as such, it has 
been recognised for some years as an additional method for the 
degradation of carboxylic acids to amines carrying one carbon
j
atom less, and as a route to substituted amides starting from 
the correspondingly-substituted ketones:- p
( R-CO-NH-R1
R-CO-R’ 4- HN-sj ----=> v or -j- No
v R !-CO-NH-R
R-CD.OH +• HN3 ---->. R-NH2 +- C02 +- N2
Resulting from the azido-reaction with aldehydes is a 
mixture of the corresponding nitrile and substituted formamide:-
R-CHO b HN3  R-CN h R-NH-CHO
•Carbinols which tend to dissociate in the presence of 
strong acids react with hydrazoic acid in a strongly acid medium, 
and the introduction of a nitrogen atom into the molecule results 
from rearrangement of the azide so formed:-
- 16 -
R.... /H
G
R OH
R
V CH
. !i and/or 
CH
R f/
Similarly, some olefins accept a proton in strongly
acidic media,, and the resulting carbonium ion reacts with 
hydrazoic acid, to yield the protonated azide which rearranges 
to the isomeric Schiff’s bases
ketones result, as mentioned, in the introduction of a nitrogen 
atom into the molecule, yielding Schiff’s bases, and substituted 
amides; with certain cyclic carbinols, olefins, and ketones, 
the introduction of the nitrogen atom results in ring-expansion 
and yields the corresponding heterocyclic compounds. Thus, the 
application of azido-reactions for purely synthetic purposes has
+ tT-tvt
R-CH=CH~R’ — > R-GH-CH2-R’
R ’-CHo" NH-NSN 
4-
l| and/or !i
NH ^GH
R ’~CH2 '"* R f-CH2"
t n2
The azido-reactions with carbinols, olefins and
rendered accessible members of the phenanthridine series (from 
corresponding fluorene derivatives) and certain Quinolines and 
isoquinolines (from some indene derivatives);-
NH-CO
and/or
CO - NH
As shown, substituted fluorenones undergo ring-expansion during
the azido-reaction to yield correspondingly-substituted phen-
anthridone's, the proportions of the isomers being controlled to
• (28) and indan-
(29)
some extent by the nature and position of X 
l:3-dione similarly yields 2 :4-dihydroxyquinoline
A variety of other cyclic compounds carrying the 
centres responsive to the azido-reaction has successfully 
undergone ring-expansion; thus, 9 :10-octalin yields 11-aza- 
bicyclo [4.4 .1] -1-undecene ; _
f18
Similarly, bicyclollO.3.0]-12-pentadecene reacts with 
hydrazoic acid in the presence of sulphuric acid to yield the 
isomeric cy cl ode cane -1 '• 10—te trahy dro pyridine s j de hydrogenation 
"by the use of palladium/charcoal yields 2 :6-decamethylene -1 .10- 
pvrnrHnp. and 2 1 decamethvlene—1 110—pyridine in equal amounts • —
ketones, carbinols, and olefins give rise to pairs of isomeric 
amides and Schiff’s bases respectively. A later discussion of 
the mechanism of the azido-reactions reveals that the ratio in 
which the isomers are formed can, with some reservations, be 
predicted from a knowledge of the electronic character of the 
molecule undergoing reaction. Conversely, the ratio in which I 
the isomers are produced in the azido-reaction applied to an j
unsymmetrical ketone, carbinol, or olefin can be taken as a !
qualitative comparison of the electronic character of the various 
groupings attached at the centre of reaction. Thus, in the
It has been briefly mentioned that unsymmetrical
reaction
R-CO-R' ---5-- i R-NH-CO-R
(A) (B)
+ R 1 -MH -C 0 -R
- 19 -
it has heen shown^ 1 ^ that when R = o-tolyl~, and R 1 « phenyl-, 
the isomers (A) and (B) are produced in the ratio A:B s 7:1, 
whereas when R « o-carboxyphenyl-, and R ’ * phenyl-, the ratio 
A:B is approximately 1:50. The differing electron-release 
properties of R and R' thus control the course of the reaction. 
One important fact has emerged from extensive studies on the 
ketonic azido-reaction; the difficulties in correlating the 
migration ratios in the reaction with unsymmetrical ketones with 
results from other reactions believed to be controlled by 
electrical factors suggest that steric factors also control the 
course of the ketonic azido-reaction, These factors, which are 
essentially independent of the electronic character of the groups 
present, may equally supplement or act oppositely to the trend 
of the reaction as determined by the electronic characteristics. 
On the other hand, azido-reactions with carbinols have 
been shown^^ to be controlled only by tiie electron-release 
properties of groupings attached at the centre of reaction in 
the case of certain substituted fluoren-9-ols:-
X
\
= N
and/or
N = 7
- 20-
The nature of X determines the ratio in which the isomers are 
formed.
The azido-reactions with olefins follow a similar 
mechanism to that of the carbinol reactions, and the course of 
the olefinic azido-reaction is similarly dominated by the 
electronic nature of the molecule undergoing reaction.
The mechanism of the azido-reactions
The rearrangement of protonated azides which occurs in
azido-reactions of all types is controlled by electronic
influences dependent upon the nature of the components comprising
the molecule; the spatial arrangement of the molecule may also
introduce the possibility of steric control. The interpretation
of results obtained in the application of an azido-reaction
requires an understanding of the reaction mechanism, whether the
reaction is used simply as a synthetic method, or as a means for
comparison of electron-release properties of diverse groups
attached at a centre active in the azido-reaction.
Two isomeric products can result in every azido-
reaction with an unsymmetrical reactant; the ratio of the
amounts in which they are produced represents a direct comparison 
£
of the eyctron-release properties of the attached groups, after 
the possibility of steric control has been considered.
Conversely, if the azido-reaction is used as a synthetic method, 
and the resulting isomers are new, then their distinction
- 21 -
requires further evidence from such methods as degradation or 
comparison of their infra-red spectra with those of analogous 
compounds, whereas a knowledge of the electron-release properties 
allows a prediction as to which isomer shall predominate in the 
reaction product. On this basis, a structure may be assigned 
to that isomer which actually forms in largest amount.
Schmidt observed the formation of aniline when a 
solution of hydrazoic acid in benzene was allowed to decompose 
at 60-70° in the presence of concentrated sulphuric acid; the 
addition of benzophenone to such a mixture at room temperature 
caused evolution of nitrogen, and the formation of benzanilide 
in high yield. These observations were taken to indicate the 
formation of imine radicals in the decomposition of hydrazoic 
acid:-
HN,  [nh's {■ N2
[n h ] +  C 6 H 6   ------- >  C 6 H 5 . N H 2
The imine radical was supposed to add to the carbonyl 
group, the resulting oxime undergoing normal Beckmann rearrange­
ment : -
f 1 Ph Pk .
[NHJ -^c = 0  — ^ ';C=N0H  > Ph-CO-NH-Ph
Ph Ph'
Serious objections to this scheme present themselves; first, 
simple ketones react vigorously with hydrazoic acid in the 
presence of sulphuric acid at 0°, whereas hydrazoic acid is 
stable under such conditions in the absence of ketones, second,
many oximes are stable to warm sulphuric acid, whereas the 
ketones from which they derive undergo azido-reaction at low 
temperatures to yield the product expected from the rearrange­
ment of the oxime, Thus, the oxime of indan-l-one is stable
in concentrated sulphuric acid at 100° ^ ^ ,  whereas the ketone
o (33)undergoes azido-reaction at 40 .
(36)The accepted mechanism for the azido-reaction 
with carbonyl compounds requires the protonation of the carbonyl 
group by a strong acid; electrostatic attraction is followed by 
covalent combination of the resulting carbonium ion with one of 
the canonical forms of hydrazoic acid:-
R R.
' y  * 0 i~ H* --- ^ - OH
R ’ R ’
?H - 0H
R-C+- ■*- :N - N s N  >  R - C  - N - N a N
.  I ! 1
R ’ H R« H
Electron-shifts called into play by the positive charge centred 
on the nitrogen atom can theoretically originate in the C - R 
bond, the G - R r bond, or the C - OH bond, viz:-
- 23 -
Dilution of the reaction mixture with water liberates a proton 
from each of the products of the above schemes, the resulting 
compounds being
R.
(a) R-CO-NH-R1 (b) R'-CO-NH-R (c) - N-OH
R f
However, the formation of oximes as a result of the azido- 
reaction with ketones has never been reported, although, as has 
been mentioned, many oximes do not rearrange under the cond­
itions of the azido-reaction; the inference is that the 
migration of -OH as represented in scheme (c) does not occur.
It would appear from the mechanism for ketones that 
other classes of compounds capable of forming carbonium ions 
could also react with hydrazoic acid in a strongly acidic 
medium, the resulting protonated azide rearranging to a nitro­
gen-containing product. On this basis, it is theoretically 
probable that arylmethanols would so react, and experimental 
investigation with fluoren-9-ol^^) and other cyclic secondary
/ 70 \
alcohols confirmed this prediction. From the experimental
("57 )observations, a reaction mechanism was proposed similar to 
that for ketones
R' R*i -j
(i) R - C - OH 4- 2 H2SO4  R - C+ 4- E - z O + 2 HSO
In stage (ii) the link between the carbonium ion and 
hydrazoic acid is formed, the resulting protonated azide giving 
rise either to an azide stable to the environment and to later 
hydrolysis, as in (iii), or suffering rearrangement (iv).
If the protonated Schiff's base resulting in (iv) is stable to 
hydrolysis then it is the product isolated after the loss of a 
proton when the reaction mixture is diluted with water. 
Alternatively, hydrolysis occurs as in (v), and equimolar 
amounts of primary amine and carbonyl compound result.
As in the mechanism for ketones, the rearrangement 
step (iv) can involve the migration of R, R ’, or Rlr, and in 
the azido-reaction with carbinols it appears that^2  ^the 
migratory aptitudes of R, R ’, and Rn are dependent on their 
capabilities of electron-release.
The reaction of fluoren-9-ol with hydrazoic acid in 
the presence of sulphuric acid follows steps (i), (ii) and (iv) 
to yield phenanthridine (as the phenanthridinium ion):-
\.$\-
The azido-reaction with diphenylmethanol followed the
steps (i) - (v); diphenylmethyl azide (iii) was isolated from
the reaction product on dilution with water, together with
aniline and henzaldehyde (v ) : -
ph
l + ■ (iv) f (v ) Ph-CHO
H - C  - N - N * N  Ph-CH = NH-Ph — • +
i— '^j \J - Ph-NH^
P h  h  + 3
With triphenylmethanol, the very stable azide (iii) was the 
sole product.
A second class of compounds has been noted to accept 
a proton in the presence of sulphuric acid to form a carbonium 
ion capable of reaction with hydrazoic acid; aryl-substituted 
ethylenes of different types so react
Ar , H TT+ Ar +•
(i) C - CH2 - Ar”
Ar1 "Ar Ar’'"
Ar v Ar"-CH2 ^
(ii) "fi - CH2 - Ar" + :N - N £ N  > A r - C - N - N = N
Ar1' I ] It
H Ar1 H
The protonated azide formed in (ii) rearranges to the protonated
Schiff’s bases formed by the migration of Ar, Ar’, and Ar”-CH2
exactly as described with the azido-reaction with carbinols;
the Schiff’s base may remain as the stable product after dilution
with water, or suffer hydrolysis to a primary amine and a ketone.
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(39)Nine sgm-diarylethylenes have been subjected to 
the azido-reaction; the amounts of hydrolysis products isolated 
yielded the relative rates of migration of the differing aryl 
substituents:-
/
Ar / Ar -CO-CHX
- ch2 — _  y  and
Ar' and
Ar 1 -CO-CH-5 \ 
and )
’\ A r ’-NH^ / Ar-NH^ /
The experimentally-determined ratios of isomeric products were 
in agreement with the ratios of the electron-release properties 
of the substituted aryl nuclei as indicated by their Hammett
0  functions. This finding constitutes excellent support for
the mechanism of the azido-reaction with olefins.
9-Benzylidenefluorene is a diarylethylene of a rather 
different type which undergoes the azido-reaction to yield 
a cyclic Schiff's base as the stable product:-
H
HN*
■\
\ / - - \
// i
\
C'H-Ph
CH2-Ph
(32)That 9-benzylfluoren-9-ol u n d e r g o e s ' azido-reaction to yield 
the same product in similar yield is further confirmation of 
the validity of the accepted mechanisms relating to the azido- 
reaction with carbinols and olefins
X \ \ x:
1
X  /  X h '
HO' 'cHg-Ph
x'l
t
X X X
— y 9-benzyl- 
phenanthridine
+ XCH2 -Ph
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The correlation of experimental and theoretical 
results concerning the electron-releasing powers of substit­
uents and their migration during the azido-reaction is precise 
for many carbinols and olefins, but surprising divergencies 
are found with most ketones. A modified reaction scheme 
has been formulated to explain experimental observations^ 2 ? 43) 
indicating steric control in the azido-reaction with p-subst- 
ituted and p:p'-disubstituted benzophenones.
NS CO
R* R - / / -CO —KH-v 
and far
7 V
>-Rf
-NH -CO
/ / "
v>-R'
In seven examples, the ratio of isomeric amides was close to 
1:1, although electron-release properties of the substituted 
rings would predict greatly differing ratios for each ketone.
The similar factor in each ketone is the remoteness of the 
ring substituent from the centre of reaction, whereby its 
steric effect is small; this suggests that equal amounts of 
amides result in every case because all groups have the form 
of an unsubstituted phenyl group at the point of attachment to 
the centre of reaction.
The proposed mechanism allows the protonated azide (i) 
to lose a molecule of water to form a double-bonded structure
(II) which can exist in two geometrical forms:-
(I) (II)
The second geometrical isomer is formulated with the -NsN
grouping anti to R ’, and the proportion of geometrical isomers
which result from the dehydration is determined by the relative
sizes of R and R* . The rearrangement of each geometrical
isomer (II) then follows the trans migration known to occur in
the analogous Beckmann rearrangement.
R - C - R T C - R ’ KO - C - R 1
( ; H ;
- N S N  ^ R - N R - NH
( U ) ^  + N?. (Ill)
(III) loses a proton and becomes the substituted amide 
R’-CO-NH-R; the other geometrical form of (II) similarly 
rearranges and adds water to give the isomeric amide R~CO-NH~R‘.
Smith and his co-workers (loc.cit. ) point out that 
the results of azido-reactions with alkyl phenyl ketones, Ph-CO-R 
also support the proposed mechanism, as they have shown that as 
R varies in the order Me, Et, Ji-Pr, t-Bu, the tendency for R to 
migrate increases rapidly; i.e. as the size of R increases, the
4-
proportion of the isomer in which -NsN is anti to R increases, 
resultant trans-migration requiring that R migrates.
The proposed mechanism requires that dehydration in 
the reaction medium is followed by rehydration on subsequent 
dilution with water, whence dilution with other hydroxylic 
solvents X.OH should successfully introduce X.0- into the
- 29 -
molecule(44):_
t .
C - R ’
I t- X.OH
R - N
X-0 - C - R'
+■ H ’
R - ■ N
(IV)
In order to test the mechanism, the azido-reaction with 2-nitro- 
fluorenone was carried out in solution in sulphuric acid; final 
dilution with rigorously-dried methanol at 0° yielded a mixture 
of 2- and 7-nitrophenanthridones identical with that obtained 
by dilution of part of the reaction nroduct with ice-water.
The test, was also carried out with the symmetrical 
ketone, fluorenone, which yields a single product, phenanthr-
idone:-
\ azido-
reaction /
CO —  NH
Sulphuric acid containing sufficient.free sulphur trioxide to 
combine with the water supposed to be eliminated in Smith's 
mechanism (I— yll, p.28) was found to sulphonate fluorenone 
completely; therefore, the azido-reaction was carried out in 
100^ sulphuric acid, and the resulting mixture was poured into 
cold dry methanol. The product which was precipitated was 
purified from the non-hydroxylic solvent toluene, and was 
characterised as phenanthridone. The compound (IV) which was 
expected to be formed on Smith's mechanism, was prepared, and 
was found to be a stable compound.
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The conclusion drawn from these tests is that 
dehydration of the protonated azide does not occur, since the 
only alternative is that dehydration and rehydration are to 
occur within the concentrated sulphuric acid medium.
It cannot be doubted that the azido-reaction with 
ketones is subject to steric control, for the results with 
p-substituted benzophenones conform only with this interpret­
ation. Results of azido-reactions with various 2-substituted 
c.y cl ope nt anone s and cyclohexanones ^  ^can in no way be
correlated with the electron-release properties of the 2-subst­
ituent, since migration of the 2-substituted carbon atom occurs 
almost exclusively, quite independent of the nature of the 
2-substituent:-
0.
I' • -  • I »  ' ■ ■ ■ ■  ■ —  I — I
R NH
> R
R
Me, St, 
n-Pr, i~Pr, 
CN,
\U
\
V R
•NH
\
7 .
Me, Et, 
n-Pr, CN, 
NH-COOEt
Once again, steric control is indicated, although in the 
isolated case of 2-chlorocyclohexanone the unsubstituted carbon 
atom adjacent to the carbonyl group migrates preferentially.
- 31 ~
An alternative suggestion ^44) which retains a 
mechanism of steric control assumes that the protonated azide 
does not suffer dehydration, hut can give rise to two geometr­
ical isomers by hydrogen bonding between the oxygen atom of the 
hydroxyl group and the hydrogen atom attached to nitrogen, the 
-NsN group occupying positions cis and trans to, e.g. group R:-
H H
R.
0 JO,
R 1
c ' :,h . \c: ;h
' V  R " V  ^
% N*"
® *■ r
Kf N
(a) * (b)
The structures contributing stability to the hydrogen bond are
considered to be:-
H H
,0 0 +
RR\ C' H ^ RR1 . C H
\
VN'" 'N-
N f N +
i l l  I I1
ft • N
Assuming trans migration from carbon to nitrogen, each of the 
geometrical isomers (a) and (b) gives rise to the corresponding 
amide
(a)  ^  R ’ - CO - NH - R
(t>)  > r - CO - NH - R ’
The ratio in which^.(a) and (b) are formed will depend partly on
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the steric relationships of H, R*, and -NsN (the larger tending 
to occupy a position trans to the larger group), and partly on
4-
the electrical relationship between the three groups (-N=N 
would be expected to be cis to the group R or R' having the 
greater negative charge). The ratio of (a)'to (b ) having been 
determined by these factors, there has subsequently to be 
considered the possibility of interconversion of (a) and (b), 
and the relative rates at which they rearrange to the, products. 
If the more stable isomer were in facile equilibrium with the 
more easily rearranged intermediate then the proportion of 
amide from the latter in the product would be increased due to 
continuous displacement of the equilibrium in its favour.
At the present time, there is no method of sure 
prediction of the course of the azido-reaction with ketones 
because of the lack of accurate understanding of the combin­
ation of steric control and electronic control in any given 
ketone.
Features of experimental procedures
Azido-reactions of all types have one common factor; 
hydrazoic acid reacts with the organic compound in the presence 
of a strong acid. The original patent of S c h m i d t  ^ 6 ) describes
I
the addition of a solution of hydrazoic acid in an inert solvent 
such as benzene or chloroform to a stirred solution of a
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carboxylic acid in concentrated sulphuric acid at 40°; an 
exactly similar procedure is still recommended^^ ^ for the 
azido-reaction with many ketones, but at rather lower temp­
eratures* In fact, many azido-reactions can conveniently 
be carried out by gradual addition of sodium azide in slight 
excess to a stirred solution of the organic compound in 
concentrated sulphuric acid. The reaction is rapid even at 
0° with many ketones,, indicated by the vigorous evolution of 
nitrogen, and addition of sodium azide is made at such a rate 
that the temperature of the mixture can be maintained at 0°.
The optimum temperature of reaction varies with 
particular reactants, but the general requirement is that it 
shall be as low as is consistent with a convenient rate of 
reaction in order that sulphonation, and the extent of other 
side-reactions, shall be small. If the yield of the azido- 
reaction product is low on this account, then the risk of 
sulphonation is reduced by dilution with trichloroacetic acid 
however, the advantage of dilution is sometimes lost in 
practice since somewhat elevated temperatures (40 - 50°) are 
needed to maintain the mixture in the liquid state, and also 
an excess of sodium azide may be required to compensate the 
loss of hydrazoic acid by volatilisation. Further, the 
trichloroacetic acid itself becomes protonated in the presence 
of sulphuric ac i d ^ ^  and thereby reduces the extent of carh- 
oniurn ion formation by the reactant.
The use of trichloroacetic acid alone leads only to
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the azide in the azido-reaction with carbinols; thus,
1:2-benzofluoren-9-ol reacts with hydrazoic acid at 30° in 
chloroform solution in the presence of trichloroacetic acid 
to yield 9-azido-l ;2-benzofluorene. The use of trichloro­
acetic acid in the azido-reaction with ketones is not recomm­
ended since it appears to be incapable of giving rise to 
carbonium ions from the carbonyl compound. The use of poly- 
phosphoric acid is a valuable alternative to the use of 
sulphuric acid, and has been demonstrated(50) an efficient 
catalyst in the azido-reaction with ketones; among several 
examples quoted is the conversion of fluorenone into phen- 
anthridone in high yield, The reaction in polyphosphoric 
acid is carried out at elevated temperatures to reduce the 
viscosity of the mixture and enable efficient stirring.
The azido-reaction with a compound sensitive to 
strong acids is best performed by the gradual addition of the 
compound to a vigorously-stirred mixture of chloroform, 
hydrazoic acid, and strong acid catalyst, at a moderate temp­
erature. The compound is thus in contact with the strong acid 
for the minimum time before conversion into the azido-reaction 
product; this modification has seemed essential to the azido- 
reaction with some fluoren-9-ols  ^and some ole fins(5l)#
Since hydrazoic acid is present always in excess in such a 
method, and it is known that certain ketones react with an 
excess of hydrazoic acid to form 1 :5-disubstituted tetrazoles,
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R-C------ N-R
R-CO-R +■ 2 HN-z ----- =*- ! i 4* N2 1 H20
the only modification recommended with ketones sensitive to
strong acids is the dilution of the strong acid medium with 
trichloroacetic acid.
Azido-reactions with compounds containing heterocyclic rings
Basic compounds, such as amino- or aminophenyl- 
ketones, carbinols and olefins (in the aliphatic and aromatic 
classes) and pyridino- and thiazolo-ketones, carbinols and 
olefins (of the heterocyclic classes) are undoubtedly proton­
ated in strongly acidic media. As has been discussed earlier, 
such media are essential to promote the formation of carbonium 
ions in the azido-reaction; however, the presence of a centre 
of positive charge in a molecule undergoing azido-reaction 
would certainly reduce the extent to which carbonium ions are 
produced
!
R - CO tr* R - CO TT+- R - C  - OH
( a )  i H >  | +. _ J L
R - CH - OK „■+- R - CH - OH . R - CH
(b) I H - | 4. strong
R'4-NH2 ) R ’iNH,) acid ' R ’-(-NH3 )
»
+r
The bases (a) and (b) become rapidly protonated, and 
the formation of carbonium ions from the resulting compounds
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requires the establishment of a second centre of positive 
charge.
The ratio of the isomeric products which can result
ent, with reservations which have been mentioned, upon electron-j
I j\
release from the groups attached at the centre of reaction. \\i
| |
If one of these groups is basic, then after protonation it 
becomes markedly less capable of electron-release, and the 
isomer resulting from the migration of this group would 
consequently appear only in small amount in the product.
The phenyl ring in this example migrates exclusively; this is 
in agreement with the assessment that the presence of the 
protonated amino-group would make the ring in which it is a 
substituent less capable of electron-release, and therefore 
less capable of migration in the azido-reaction.
one would be expected to show considerable basicity, which on 
the above argument would determine that the phenyl ring migrates
from the azido-reaction with unsymmetrical reactants is depend
The azido-reaction with 2-aminofluoren-9-ol is 
( 'Z.o )successful , although the yield of the single product, 
7-aminophenanthridine, is small (30 % ) : -
- NH,2
\
The heterocyclic ring in 1 i3-dimethyl-2-azafluoren-
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during azido-reaction. However, the pyridine ring is found
to migrate exclusively, and isoquinolono-(3t:4*-3?4)-
2:6-dimethylpyridine is obtained in 9 0 ? o yield:-
CH-
\
3
'C 0
\VCH-
N
\
>
i
CH
X. /y
A3
-CH3
NH
GO
In the earlier discussion of the azido-reaction with 
ketones it was noted that electronic control is not always 
dominant, and it must be assumed in this example that the 
steric factor completely determines the nature of the product.
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Raney nickel desulphurisation
As the title implies, Raney nickel is capable of the 
partial or complete removal of sulphur from a variety of sulphur 
compounds. Under optimum conditions, desulphurisation results 
in the removal of the sulphur atoms as nickel sulphide, the 
resulting free valencies in the organic molecule being satisfied 
by the supply of hydrogen atoms from solution in the nickel:-
R R'
' §  ^ H S h
H H H H H H H H ’ {5. ... H ... H-Ni N l Ni U l Ni  ---Ni--- N l--N l----U l--N i-
H H H H H H H H H H H H
Some of the earliest applications of Raney nickel as
a desulphurising agent were to aliphatic sulphur compounds such
as thioacetic acid, HS-CH2-COO’H, and cx-thiocinnamic acid,
Ph-CH=C(SH)-COOH, which were converted into acetic acid and
(53 54)hydrocinnamic acid respectively . Later work has shown
that cyclic sulphur compounds can be analogously desulphurised:
thus, 2;5-dimethyl-3-thiophen carboxylic acid is desulphurised
(55 )to ethyl n~propyl acetic acid 7
~r----p-COOH .T. CH2----CH-COOH
I I! M l ( H l  I !
CH3 ' R  1'-Ch3 CH3-CH2 CH2-CH3
'■ s
the intermediate diene 
undergoing reduction at the nickel surface. The desulphurise 
ation of derivatives of the thiophen carboxylic acids is in 
fact proposed (loc.cit. ) as a convenient route to the higher
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fatty acids. The degradation of a number of thiazoles has
been reported^^* ^  ^ ; the desulphurisation step is often
followed by further degradation, ammonia being evolved from
( 1
2-aminothiazoles
P h- p  .ji Kl (H ) L H3
 V  NHj, CHj-CO-Ph, CH3-NH2, CH-NH2
V j / ™ 2 (44• 9/t) (13.3^) Ph ( 9 f o )
The intermediate compound produced by the removal of the
sulphur atom is supposed to undergo hydrolysis to the amine 
(57 )and the ketone -
ph'1 ~ M . Ph-C = N tr^ n Ptl-CO NHp
l| Ni(H) I ! h2° i +. j d
!J-r — GK3 c h2-r  ^  c h 3 ■ c h2.
h /
The formation of 1-phenylethylamine in the above-mentioned
degradation of 2-amino-4-piienylthiazole indicates that ring-
(57 )fission occurs before desulphurisation ;
Ph- " K Ph-C = N , Ph-CH
i! , I | Ni(H) |
NH
J :i -R HS-CH C-R CH, CH-R
\  q  /  I 3 I
s ' OH , . 0 H
/
i
Ph-CH-NHp
i +- R-CHO
CH,3
The extent of each competing mechanism of degradation is then 
s u p p o s e d to depend on the experimental conditions and on 
the alkalinity of the mixture (alkali deriving from the part­
icular types of nickel used).
However, the facile hydrolysis of the thiazole ring * 
envisaged in this second mechanism is most unlikely, considering
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the great stability of the thiazoles; it is more likely that 
the desulphurised intermediate
Ph-C * N
i 5
ch5 ch2-r
which on hydrolysis yields 
acetophenone and a primary amine should undergo reduction, 
and then hydrolysis in a manner leading to pheny1ethylamine.
The expanding use of Raney nickel desulphurisation 
has been accompanied by reports of apparent deviation from the 
straightforward reaction already mentioned. Thus, whereas 
hexan-2-one results as expected (together with small amounts 
of acetaldehyde and ethanol) from the desulphurisation of
( r~n )
methyl 2-thienyl ketone in boiling xylene
CHp CH0 CH-z-CHO
Ni (H) | !
CH3-C0-i^ >i  CH3-CO-CH2 CH^ C2H5OH
"S
the use of a more active Raney nickel (nW6u )^9) ypgg^g acet­
aldehyde, hexan-2-one, and dodecane-2 :11-dione; a different 
Raney nickel desulphurises methyl 2-thienyl ketone
to acetaldehyde and dodecanedione, but does not give hexanone.
CH2 - CH2 CH2 - CH2
Ni(H) 1 ^ 1  I !
 CH3-CO-CH2 C H 2 - C H 2 CH2 -C0 -CH3CH3-C0-
s-
-I- ■ CH^CHO
Also, the desulphurisations of thiazoles^^ have 
usually led to the expected products, but anomalies similar to
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those with thiophens are encountered, depending on the type
of nickel used and reaction conditions. Hurd and Rudner
have employed different types of nickel, and claim that a
nickel highly saturated with hydrogen is most active in
desulphurisation. With such a nickel, prepared from nickel-
aluminium alloy by treatment with sodium hydroxide solution at
0 - 5°, 2-mercaptobenzthiazole yields aniline, o-aminothio-
(57)phenol, and benzthiazole, whereas Badger and K o w a n k o h a v e  
desulphurised this compound to benzthiazole and 2 :2’-dibenz -
rthiazolyl,
'-x
X
N
!i ■
b-SH
\
\\ . \x ^
'N
/ , /
N
x S /
the "W5" Raney nickel used not leading to ring
fission.
Some indication of the mechanism of desulphurisation 
may be taken from the above observations; Mozingo et a l . ^ ^  
suggest that the hydrogen "bound” in Raney nickel (one gram of 
which contains up to 115 volumes of hydrogen) is responsible 
for the reducing action, and this view has received support 
from other workers^-*-). Raney nickel which had been "degassed",
by heating in vacuo at 100 - 200 was found(62) to react
abnormally with certain sulphur compounds, the nature of the 
products indicating the liberation of free radicals during
reaction. Thus, ’’degassed" Raney nickel causes disproportion- 
ation of mixed diaryl sulphides,
2 R - S - R' — — — > R - S - R V  R ’~ S - R'
whereas untreated Raney nickel 
reductively desulphurises diaryl sulphides:- jj
R - S - R' R - H 4- R'- H |;l
The catalytic action of Raney nickel in hydrogenation 1
is dependent on the adsorption of the organic molecule on the j
metal surface; a similar adsorption is assumed in desulphur- ;j 
isation* the sulphur atom forming a loose hond at an ’’active 
centre". Badger and Kowanko^?) have studied the desulphur- Ii
isation of various thiazoles, and conclude that thiazoles are [;
| .  i j
less easily desulphurised than thiophen derivatives, this j|
being due to the competition of the nitrogen lone pair for the p 
’’active centres". Such deactivation by nitrogen has also 
been observed in the reaction of p-p ’ -dinitrodiphenyldisulphide
with Raney nickel^ 2 the disulphide is unchanged after being ;j
i f
boiled for 15 hours with "degassed" Raney nickel, whereas ;f
■J|
diphenyl disulphide yields diphenyl sulphide under such :j
conditions:- ;|
:f
Ph - S - S - Ph +- Ni -----> Ph - S - Ph •+- NiS §
■!
J
This latter reaction is largely inhibited in a reaction mixture j
containing dinitrodiphenyl, which indicates "poisoning" of the |j
I
nickel by the nitro-substituent. §
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The Objects of the Present Investigation
A primary object has been the synthesis of selected 
indeno-1 :2-heterocycles, and their conversion into analogues 
of the fluorenones, fluoren-9-ols, and 9-benzylidenefluorenes, 
The resulting compounds, on treatment with hydrazoic acid in 
a strongly acidic medium, were potentially capable of conver­
sion into quinolino- and/or isoquinolino-4:3-heterocycles and 
2- or 1-derivatives thereof
Het
"CO'"
azido-
Het reaction
OH
Het
CH -Ph
Het
nd/or Het
R
R = -OH, -H, -CH2Ph
The relative proportions of the isomeric products 
are expected to be dependent to some extent on electron-release 
from the homocyclic and heterocyclic fragments adjoining the 
centre of reaction.
- 48 - . . |-
'The investigation of this conversion was considered |
of value on two accounts: (a) as a method of synthesis leading ;
to difficultly-accessible condensed heterocyclic systems, and ^
(h) as a means of correlation of the electron-release charact­
eristics of various heterocycles and benzene.
' '■ ■;
■ *-i 
!
1
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The Synthesis of Indeno-heterocycles
Of the more stable heterocyclic systems, the first 
to be considered were the indeno-thiazoles, oxazoles, and 
imidazoles, since these were potentially available from
2-bromoindan-l-one. Thus, as mentioned in the Introduction. 
o(-halogenoketones have commonly been the starting-point in 
thiazole syntheses; oxazoles are similarly formed^^ from 
o(-haloge noketones by condensation with amides:-
R - CO • NH2 R-rr N
CHpBr. C - R ’ b
0 0-
Amidines have been shown to condense with o^-halogeno-
ketones to yield imidazoles
R- - CO NH2' R-
+
-N
CHpBr ,C - R' L J - R 1
KH KH
The starting-point in many of the syntheses and 
attempts here recorded has therefore been 2-bromoindan-l-one, 
to the preparation of which attention has been given in order 
to improve known procedures.
The Preparation of 2-Bromoindan-l-one
Hydrocinnamic acid, required for cyclisation to 
indan-l-one, was prepared by the Raney nickel-catalysed 
hydrogenation of cinnamic acid. The scale employed in the
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method of Adkins and Billica^^ can he enlarged, and in the 
present work 200 g. hatches of cinnamic acid have heen heated 
in stirred ethanolic suspension with Raney nickel (5 g,) under 
80 - 100 atmospheres of hydrogen. The yield of hydrocinnamic 
acid was diminished hy a hydrogenation temperature greater than 
55°; in an experiment in which the temperature reached 75°, 
extensive esterification to ethyl ^-phenylpropionate occurred.
Indan-l-one results from the dehydration-cyclisation
(B )of hydrocinnamic acid; polyphosphoric acid has heen found
(f.)
an excellent dehydrating agent, and the method of Koov ' could 
not be improved hy modification. In Koo!s method, hydro­
cinnamic acid is added to ten parts of polyphosphoric acid, • 
and the mixture maintained at 80° for 80 minutes. The yield 
of indan-l-one was found to he reduced (a) hy the use of half 
the quantity of polyphosphoric acid, (h) as the last hut with 
•further phosphoric oxide in suspension, and (c) hy the use of 
commercial H tetraphosphoric. acid11.
The preparation of indan-l-one from indene is also 
( 7 )
a two-stage procedure' , hydrogen chloride adds to indene at 
0 - 5°, the resulting 1-chloroindane yielding ihdan~l-one 
hy chromic acid oxidation. Of the two routes to indan-l-one, 
that starting from cinnamic acid was found the most convenient 
and most readily handled on'a large scale.
The method of Kipping^ ^ for the bromination of 
indan-l-one, in which bromine reacts with indan-l-one in
- 51 -
glacial acetic acid, was found to give a poor yield of 2-bromo­
indan-l -one. However, the method used by Catch, Elliot, Hey 
and J o n e s f o r  the preparation of a variety of c^-bromoketones 
has been successfully and conveniently applied to the present 
example. In this application, bromine was gradually added to 
a stirred suspension of potassium chlorate in a solution of 
indan-l-one in aqueous dioxan at 7 8  - 80°
G 0
6 CH2 + 3 Br2 ■+ KCIO3
"CH2
CO
6 H-Br
CH2
KC1 +- 3 HoO
The yield of bromoketone was not improved by illuminating the 
reaction mixture by a 60-watt lamp, neither is the reaction 
accelerated by this means, although Hey et al.(loc, cit,) 
recommend such illumination in their prodedure. The bromo- 
indanone was extracted from the reaction mixture with ether 
and purified by distillation; although by this means impur­
ities are separated only by taking a large first fraction, 
both recrystallisation from light petroleum and steam-dist- 
illation are less satisfactory.
Starting materials for the heterocycle syntheses.
The value of the various thiazole, oxazole, and 
imidazole syntheses lies as much in the general accessibility 
of the starting materials as in the yields obtained in the
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condensations. Thus, in the syntheses applied in the present 
work, the only reagents which are not readily available are the 
thioamides and ammonium dithiocarbamate.
A general method for the preparation of a thioamide 
involves the reaction of phosphorus pentasulphide with the 
corresponding acid amide; thus, thioformamide has been prep­
ared in ethereal solution by the reaction of phosphorus penta­
sulphide' with formamide, following the method of Willstatter 
and W i r t h ^ ^ , The concentration of thiof ormamide in the 
solution was determined by pipetting a sample into N-sodium
hydroxide, and heating the mixture under reflux; the resuit-
(11)ing sodium sulphide in alkaline solution was oxidised' / to 
sodium .sulphate by treatment with bromine in potassium bromide 
solution, then with nitric acid, and sulphate estimated 
gravimetrically as barium sulphate.
Thioacetamide was prepared from acetamide and 
phosphorus pentasulphide in boiling benzene.
Thiobenzamide was prepared following a method
(ip)
generally applicable to the preparation of aryl thioamides' , 
in which hydrogen sulphide adds to benzonitrile in the presence 
of triethylamine and pyridine:-
Ar-CN 4- H2S Ar-CS-NHg
Thiobenzamide was precipitated from the reaction mixture by 
dilution with water.
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Ammonium dithiocarbamate separated within a few hours
as yellow needles from a solution of carbon disulphide in
(13)alcoholic ammonia
2 NII-^ t CS2 — NH4-CS-S-NH2
The indeno-(l * :2 1 -4: 5 )-thiazoles
At the start of the present work, only 2-amino~ 
indeno-(l' :2 1-4:5 )-thiazole had been reported it was
prepared in 53/c yield by heating overnight a mixture of indan- 
l-one, iodine, and thiourea. The synthesis undoubtedly 
involves the intermediate formation of 2-iodoindan-l-one, 
which then undergoes normal Hantzsch condensation with 
thiourea:-
4-
CO
s
nh2
I
c - nh2
N
XE, 'S
K-NH <
The analogous synthesis starting from 2-bromoindan-l-one has 
been found to be an improvement of this reported procedure: 
e.quimolecular amounts of 2-bromoindan-l-one and thiourea were 
heated together in ethanol for if hours. The hydrobromide 
of 2-aminoindeno-(l1:2'-4:5)~thiazole separated in quantitat­
ive yield from the cooled solution, and was converted into 
the base by treatment with aqueous sodium hydroxide.
Thioformamide and 2-bromoindan-l-one when heated
together in ethereal solution condensed to a red oil. The 
oil was extracted with warm N-hydrochloric acid, and indeno- 
(1':2 '-4:5 )~thiazole was precipitated when the ice-cooled 
extract was made alkaline. .
2-bromoindan-l-one yielded 2-methylindeno-(1 *:2 *-4 * 5 )-thiazole; 
the reactants were heated in ethanol for one hour, and the 
hydrobromide.separated from the resulting solution on cooling.
A flocculent solid,' which separated from the mother-liquor, , 
was not identical with methylindenothiazole, or.its hydrobromide, 
or with 2-(indan-1-onyl) 1 ’-iminoethyl sulphide. This latter 
compound, which is the primary product of condensation between 
thioacetamide and 2-bromoindan-l-one, was the sole product when 
the condensation was carried out at room temperature in 
ethanolic ammonia:-
2-phenylindeno-(l1:2 *-4 :5 )-thiazole hydrobromide, which sep­
arated on cooling from a heated ethanolic solution of the . 
reactants. The base yielded prisms, m.p. 99.5°, from ethanol; 
this material failed to analyse satisfactorily for 2-phenyl- 
indenothiazole, and neither recrystallisation from n-heptane, 
nor sublimation, yielded a sample of analytical purity.
The Hantzsch condensation of thioacetamide and
Thiobenzamide and 2-bromoindan-l-one condensed to
- 55 -
This aim Was finally achieved by distillation; the base so 
obtained had m.p. 101.5 - 102°.
2-Bromoindan-l-one was readily converted into 
2-thiocyanoindan-l-one by reaction with potassium thiocyanate 
in ethanol; the solution was heated under reflux for five 
minutes, and the precipitated potassium bromide was filtered 
off. ' 2-Thiocyanoindan~l~one crystallised from the cooled 
filtrate. The.reaction was equally successful in cold 
ethanolic solution,
2-Hydroxyindeno-(l’:2’-4*5)-thiazole resulted from 
the isomerisation of 2-thiocyanoindan-1-one:-
' CH-SCN
-N
\
(15)
•ch2/ \ s /
-OH
and Tcherniao  ^ for theThe conditions used by Hantzsch
isomerisation of thiocyanoacetone involve aqueous acid or base
catalysis; the slight solubility of 2-thiocyanoindanone in such
media required a modified procedure, and the isomerisation to
2-hydroxyindenothiazole has been achieved by passing hydrogen
chloride through a boiling ethanolic solution of 2-thiocyano-
indan-l-one. The hydroxythiazole separated as such from the
resulting solution, indicating its non-basic character.
After the work on 2-hydroxyindeno-(l1:21-4:5 )-thiazole
(17 )had been completed, but before its publication' , de Stevens 
(18 )et alp ' reported the preparation of 2-thiocyanoindan-l-one
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and its attempted cyclisation. The thiocyanate was prepared 
from 2-bromoindan-l-one and barium thiocyanate in cold ethanol; 
the use of barium thiocyanate has been recommended^^ for the 
preparation of o(-thiocyanoke tones since it has generally given 
higher yields than the alkali metal thiocyanates, yet the yield 
of 2-thiocyanoindan-l-one { 9 0 % )  using potassium thiocyanate is 
higher than that (8y / o ) recorded by de Stevens (loc .cit. ).
The same authors report that 2-thiocyanoindan-l-one does not 
isomerise in aqueous media, and prepared 2-hydroxyindeno- 1 
(l1:2.1 -4:5)-thiazole from 2-bromoindan-l-one and ethyl 
xanthamidate:-
KH
if
 C-OH
h +
C-Br CO-Et
CH2' HS'"
.4-
/  \  „ /
-OH
HBr
EtOH
l2  ' S
The condensation of 2-bromoindan-l-one and ammonium 
dithiocarbamate yielded a high-melting acidic compound; the 
reaction was carried out in boiling isopropanol, and the cooled 
filtrate on dilution with ether precipitated ammonium bromide. 
The organic filtrate on concentration deposited the condensation 
product. The product was degraded to indeno-(l ’ : 2  1 -4*. 5 ) - 
thiazole by Raney nickel desulphurisation, although this same 
degradation could not be achieved by heating with hydrogen 
peroxide and concentrated hydrochloric acid, a procedure which 
has converted 2-mercapto-4~(^-hydroxyethyl)-5-methylthiazole 
into 4-(^-hydroxyethyl )-5-methylthiazole
The degradation demonstrates the presence of the
57
thiazole ring in the condensation product, but does not by 
itself prove that the condensati.011 has led to 2~mercapto~ 
indeno-(l1 :2 1-4:5 )-thiazole . However, the ready solubility 
of the condensation product in aqueous alkali confirms the 
presence of the mereapto-group; thiophenols are known to be 
stronger acids than the. corresponding phenols, and the observ­
ation in the present work that 2-hydroxyindeno-(l1:2’-4 :5 )- 
thiazole has no basic properties (although the thiazole ring 
carries a basic nitrogen atom) would suggest that 2-mercapto-
indeno-Cl':2'-4:5)-thiazole,might show the properties of a 
weak acid.
The diazotisation of 2-aminoinaeno-(l‘:2’-4:5 )- 
thiazole, whose preparation has been earlier described in this 
Discussion, has been investigated, since the standard reactions 
of the diazonium compounds applied to the indenothiazole- 
2-diazonium salts would lead to a variety of 2-substituted 
thiazoles. Thus, 2-aminobenzthiazole can be diazotised^^ ^ 
in 20% sulphuric acid and can then be converted into the 
hydroxythiazole via 2-chlorobenzthiazole; other 2-amiho-
CO
CH-Br
NH2
c=s
nh4-s
Ranpy^ nickel 
/ t e  s ul phu r i s at i on
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(22)
benzthiazoles have successfully been diazotised in glacial
.acetic acid - sulphuric acid mixtures, the authors claiming 
that precise conditions are required for the formation of the 
diazonium salt. A p a t e n t c l a i m s  that 2-aminobenzthiazole- ■ 
6-carboxylic acid is diazotised in nitrosylsulphuric acid; 
a later patent^2^  describes the diazotisation of 2-amino- :
benzthiazole sulphate in suspension in a formic acid - sulphuric 
acid mixture,
The methods described have been applied to 2-amino- 
indeno-(l’:2 '-4 :5 )-thiazole; this compound could be diazotised 
only by the formic acid - sulphuric acid procedure.
A solution of the aminothiazole in formic acid was diluted with 
$ O f o sulphuric acid, and the resulting suspension of amine 
sulphate was treated at -10° with sodium nitrite solution.
The resulting dark solution yielded a purple precipitate with 
a solution of 2-naphthol in aqueous sodium hydroxide, and alone 
it slowly deposited a self-condensation product.
The "deamination", procedure of Mai(25)? and others, in 
which hypophosphorous acid added to the diazonium solution 
results in elimination of the diazo-grouping, was not success­
ful with diazotised 2-aminoindenothiazole owing to the instab­
ility of the diazonium solution; a high-melting * self-condens­
ation product separated from the mixture, and the acid filtrate 
contained none of the expected deamination product, indeno- 
(1 ’:2 1-4 ;5 )-thiazole.
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Indeno-(lT :2 ' -4:5 ) -thiazoles prepared from 
2-bromoindan-l-one
N
. /"R CH2 s
’ R Re ac tant M.pt.
Hydro- 
bromide i
-H H-CS-NH2 66.5-67°
not
isolated f
-CH3 CH3-CS-NH2 90.5-91° 266-267.^
-Ph. Ph-CS-NH2 101.5-102° 238-242°
-nh2 nh2 -cb-nh2 210-211° 260-262°
-OH KSCN 228-229°
not
basic
! CQ tu nh4-s-cs-nh2 >  300° notbasic
Derivatives of the Indeno-(l1:2*-4:5 )-thiazoles 
2-Derivatives of indeno-(l1 :2 1-4:5 )-thiazole
The 2-position in 4:5-hisubstituted thiazoles is 
liable to substitution; thus, direct'amination of benzthiazole
( ip <  \
with sodamide yields 2-aminobenzthiazole , and 2-bromobenz- 
thiazole results from the vapour-phase bromination of benz­
thiazole ^.
The reactivity of the 2-position in indeno-(l1:21-4:5 ) 
thiazole is inferred from the reaction of 3 1-henzylideneindeno- 
(1 ’:2 ’-4 ;5 )-thiazole with sulphuric acid; after standing at - 
room temperature for 24 hours, a solution of the thiazole in
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sulphuric acid was poured into water. The resulting solution 
was extracted with ether, and the aqueous layer was similarly 
treated after being made alkaline with ammonia; neither 
ethereal solution contained organic material. A solution of 
the thiazole in sulphuric acid was prepared, immediately diluted 
with water, and made alkaline with ammonia; the unchanged 
thiazole could then be quantitatively extracted with ether.
3*-Derivatives of the Indeno-thiazoles
As briefly mentioned in the Introduction, indeno- 
l:2-cyclic compounds are liable to substitution at the 3~ 
position.
The 3’-benzylidene derivative of indeno-(l':2f-4:5)-
thiazole slowly separated from a methanolic solution of the
thiazole, benzaldehyde, and potassium hydroxide; the method
(2 8 )
is that used by Thiele for the preparation of 1-benzylidene- 
indene. 3*-Benzylidene-2-pheny!indeno-(l’:21-4 :5 )-thiazole
was similarly prepared.
The sodium -dichromate - acetic acid procedure applied 
by Huntress et al.^2<^  to the oxidation of fluorene to fluoren- 
one has not proved successful when applied to 2-phenylindeno- 
(l1: 2 ' ~4 :5 )-thiazole and 2-aminoindeno-(lf:2 ‘-4 :5 )-thiazole.
The .2-phenylthiazole was returned unchanged, but the 2-s.mino- 
thiazole was not recovered*' A (presumed) more vigorous
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oxidation procedure, heating with chromium trioxide in glacial 
acetic acid, returned starting material when applied to 
2-phenylindeno-(l* :2 1-4*5 )~thiazole, hut this compound was 
successfully converted into 3’~oxo-2-phenylindeno-(l1:2 '-4*5)- 
thiazole hy heating with'selenious acid in a sealed tube at 
220-240°. Degradative oxidation of the compound occurs 
simultaneously, and benzoic acid appears in small amount in the 
product; it was characterised hy mixed melting-point and hy 
an equivalent-weight determination. It is of interest to note 
that benzoic acid can result only from the degradation of the 
phenyl-thiazole ring. The selenious acid oxidation procedure 
has heen used hy Badger^O) j_n the preparation of fluorenone 
from fluorene.
.3* -Hydroxy-2-phenylindeno-(l1 :2.f-4:5 )-thiazole was 
prepared from the 3 1-oxo-compound hy aluminium isopropoxide 
reduction.
Attempted preparations of indeno-(l*:2*-4 :5 )-oxazoles and
indeno-(l1 :2f--4-5 )-imidazoles ,
Lewy has prepared a series of oxazoles hy the fusion ■ 
of amides with hromoacetophenone) and with chloroacetone( ^. 
In the present work, the fusion of acetamide and 2-bromoindan-
1-one at 100° and the reaction of formamide with hromoindanone 
in boiling ethanolic solution have yielded, not the expected
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indeno-(lf :2 '-4 :5 )-oxazoles, but 2 :2-dibromoindan-l-one; no 
other product was isolated
CO
Br
-CO
CH-Br
CH2'
Acetamide is presumed to have acted as a halogen-carrier; no
analogous disproportionations have been reported in its presence,
although the N-bromo-acid amides are well-known, and N-bromo-
succinimide functions as a halogen-substitution agent.
Revis and K i p p i n g ( 3 3 )  have found that 2-bromoindan-
1-one yields phthalic acid and 2 :2-dibromoindan-l~one on being
heated with dilute nitric acid* 2 :2~Dibromoindan-l-one also
results from the reaction of 2 mols. of bromine and 1 mol. of
(8 )indan-l-one in boiling chloroformv .
The condensation of 2-bromoindan-l-one with acet-
amidine has similarly yielded 2:2-dibromoindan-l-one, and not
L m ( c L
the expected 2-methylindeno-(1 ’ :2 ' -4:5 )-t^azole ; however,
there is little doubt that the amidine must have been largely
*
hydrolysed to acetamide under the conditions used, the amide 
reacting as supposed earlier.
/
Attempted preparations of 5 ' -oxo-indeno-(l!:21-4*5)-thiazoles
from 2-bromoindan-l:3-dione 
The synthesis of indeno-(1’:2!-4:5)-thiazole, and
several 2-derivatives, has been described earlier in this 
Discussion; attempts at the conversion of these compounds 
into the corresponding 3’-oxo-compounds ,have been unsuccessful 
in the instances of 2-aminoindenothiazole and indenothiazole,
3’--Oxo-2-phenyl indeno-(l' ;2 ' -4:5 )-thiazole was obtained in 
small yield from 2-phenylindenothiazole by selenious acid 
oxidation.
The direct preparation of these ketones by the 
Hantzschrsynthesis with 2-bromoindan-l:3-hione has been 
inve stigated:-
\
. /  r ~ ---------------
1 R-CS-NH2
CO
CH-Br
K x
■N
R
CO 'S
In no instance was the expected ketone isolated from the
reaction product.
The reaction of 2-bromoindan-l:3-dione with potassium 
thiocyanate yielded the somewhat unstable 2-thiocyanoindan-l:3- 
dione, which decomposed during attempted cyclisation to 3 f-oxo- 
2-hydroxyindeno-(1 ’:2 1-4 :5 )-thiazole:-
 00
CH-SCN
CO
CH-Br
MU il: Mi; • MSi I
JT!
- CO" CO X X
Indan-1 :3-dione was prepared from diethyl•phthalate, 
ethyl acetate, and sodium(34). ^he condensation product, 
2-sodio-2-carbethoxyindan-l: 3-cLione, was, dissolved iti hot water 
and decomposed with sulphuric acid, a method found to be more
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convenient than decomposition in a cold aqueous acid - ether
(33 5mixture ' .
(3^)The preparation of ■ 2-bromoindan-l: 3-dione'■ ' from
2-sodio.-2-carbethoxyindan-l :3--hione was found unsatisfactory* 
Direct bromination of indan-1:3-dione in carbon tetrachloride 
at room temperature was accompanied by copious evolution of 
hydrogen bromide; identical bromination experiments showed 
considerable variation in induction period as indicated by the 
onset of hydrogen bromide evolution, and this was observed 
qualitatively to be photochemically controlled. The mono­
substitution product resulted when the calculated amount of 
bromine was used, and 2 :2-dibromoinda.n-l :3~bione was obtained
by the use of excess bromine. A bromination procedure which 
(37 )has been used  ^ successfully in substitution adjacent to a 
carbonyl group requires addition of bromine to a solution of 
the carbonyl compound in the presence of the calculated amount 
of potassium chlorate in solution or partial suspension.
The method is highly satisfactory in the bromination of indan-
l-one, and, applied to indan-1 :3-dione in aqueous dioxan at 
78 - 79°, gave 2-bromoindan-l:3-dione in good,yield. The 
monobromodiketone was purified by distillation under reduced 
pressure; it also crystallised well from n~heptane as colour­
less prisms.
Attempts at the preparation of a series of 3 ’-oxo- 
indeno-(l’:21-4:5 )-thiazoles followed those methods which had
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proved successful in the preparation of the corresponding 
indeno-(l' :2 ’-4:5 )-thiazoles from 2-bromoindan-1-one.
That 2-bromoindan-1:3-dione reacted with potassium thiocyanate 
in acetone solution was indicated by the separation of potassium 
bromide from the solution. The product decomposed on treat­
ment in boiling ethanol with hydrogen chloride, although this 
procedure successfully cyclised 2-thiocyanoindan-l-one to 
2-hydroxyindeno-(l' :2 1 -4'«5 ) -thiazole ,
- Thioformamide was nearly quantitatively degraded to 
sulphur by heating in ethereal solution with 2-bromoindan-l:3- 
dione; the solid which separated from the reaction mixture was 
washed with sodium hydroxide and purified by sublimation.
The sublimate was shown to contain nitrogen and sulphur by 
sodium fusion, but analysis showed that the sublimate was 
largely (95$) sulphur, and contained carbon, hydrogen, and 
nitrogen in approximate proportions 7 :3:2 respectively; the 
nature of the complex was not further investigated.
Instead of the expected Hantzsch condensation to 
3?-oxo-2~phenylindeno~(l':2’-4 :5 )-thiazole, 2-bromoindan-l:3- 
dione reacted abnormally with thiobenzamide; equimolar amounts 
of thiobenzamide and 2-bromoindan-l:3-dione were heated in 
ethereal solution, and the hydrobromide which separated was 
converted into the free base by treatment with sodium hydroxide. 
The base was purified by sublimation; it proved to be 
3:5-biphenyl-l:2 :4-thiadiazole, which is known to arise from
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(38)
thiobenzamide by reaction in ethanolic solution with iodine ,
(39)and by reaction in various solvents with nitrous acidw  
Its formation^^ from a mixture of thiobenzamide and thio- 
perbenzamide (which is prepared from thiobenzamide by treatment 
with cold 2M hydrogen peroxide) indicates that the preparative 
methods mentioned are oxidation processes:-
Ph-CS-NH2 > Ph-CS-0-NH2
N C -Fix
H i !
PI1-CS-NH2 + Ph-CS-0-NH2 --- > Ph-Cv N
''S'
The conclusion drawn is that 2-bromoindan-1:3-dione 
can act as an oxidising agent; the bromine atom is released 
since it appears as hydrogen bromide, which forms a salt with 
the heterocycle resulting from the reaction. No further 
indication of the nature of the degradation products of the 
bromodiketone was found.
The condensation of 2-bromoindan-l:3-dione and 
thiourea by heating in ethereal solution yielded an unstable 
solid, soluble in water to give an acid solution; addition of 
excess ammonia to the solution did not liberate an organic base, 
although the expected result of the condensation was 3 ’-oxo-
2-aminoindeno-(l':21-4:5 )-thiazole.
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The preparation of 3!-oxo- and 3'-hydroxy- 
indeno-(1 ' :2 1 -3:2 )-thiophen
The preparations, and attempted preparations, of the 
indeno-heterocycles hitherto described are based on the final 
construction of the heterocycle on the indene strucure.
The alternative approach is represented in the present example, 
in which 3 *-oxo-indeno-(l1 :2 1-3: 2 )-t.hiophen results from the 
internal cyclisation of an aryl thienyl ketone, the cyclopenta- 
dienyl ring being last formed.
Final internal cyclisation has been a common procedure 
in the synthesis of condensed systems; thus, fluorenono- 
4-carboxylic acid is prepared by heating diphenyl-2 :2 1 - 
dicarboxylic acid with concentrated sulphuric acid^^:-
HOOC
COOH
'CO
This method has been applied to the cyclisation of 
a molecule already containing a heterocycle where final addition 
of the heterocyclic ring to the remaining fragment of the 
desired molecule promises to be difficult. The pyridine and 
thiophen rings have proved stable to cyclisation conditions 
applied to molecules in which the heterocycle is.already present 
thus, 2 :6-dimethyl-4-phenylpyridine~3-carboxylic acid is 
cyclised^^) in concentrated sulphuric acid at 100°, the yield
of 1 :3-dimethyl-2-azafluorenone being 90$:-
\
-COOH
-CH-
CO
2-Azafluorenone itself is obtained in 48$ yield by heating
3-mesitoyl- or 3-duroyl-4-phenylpyridine in polyphosphoric acid 
at 185 - 200°.
The preparation of a thiophen analogue of fluorenone, 
viz. 3* -oxo-indeno-(l ’ :2 ’-3:2 )-thiophen, has'been reported by 
Steinkopf and G-unthe r ^ ^ 4 ^; the preparation has been repeated 
in the present work, and subsequently modified. o-Aminophenyl
2-thienyl ketone, converted into its diazonium sulphate, 
undergoes intramolecular cyclisation to the fluorenone analogue, 
the small yield of this ketone being due to simultaneous 
hydrolysis of the diazonium salt to o-hydroxyphenyl 2-thienyl 
ketone:-
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The toluene-p-sulphonyl derivative of anthranilic acid- was
heated under reflux with excess thionyl chloride; * the result­
ing acid chloride was purified by recrystallisation from carbon 
tetrachloride, and its Friedel-Crafts condensation with thiophen 
was catalysed by stannic' chloride. The use of the purified 
acid chloride, and the use of a liquid catalyst, reduces the 
formation of resin during the condensation, and are modificat­
ions of the original procedure, in which the acid chloride is 
prepared by the use of phosphorus pentachl'oride in carbon 
disulphide, the resulting solution being heated with thiophen 
in the presence of aluminium chloride.
o-(Toluene-p-sulphonylaminojphenyl 2-thienyl ketone was 
isolated from the condensation product by extraction with
sodium hydroxide solution, use being made of the acidic nature
of the toluene-p-sulphonylamino group. The free amine was
liberated by keeping the toluene-p-sulphonyl derivative at
room temperature in concentrated sulphuric acid with subsequent
dilution and neutralisation; the amine was extracted from the
mixture by shaking with ether.
The aminoketone was diazotised in 50% sulphuric acid 
at room temperature by addition of sodium nitrite solution; 
nitrogen was evolved from the warmed diazonium sulphate solution 
from which a mixture of 5 1-oxo-indeno-(1’:2’-3 :2 )-thiophen and
NH-tosyl
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o-hydroxyphenyl■ 2-thienyl ketone separated as a dark oil.
The method is in essence a Pschorr synthesis, which is normally 
catalysed by copper powder; addition of copper powder to the 
diazonium sulphate solution before warming resulted in till 
smaller yield of the cyclisation product, in agreement with the 
observation^^ that extreme individuality is often shown by 
various similarly-built compounds in their optimum requirements 
for the diazonium cyclisation reaction. Thus, whereas the 
Pschorr cyclisation of 2-amino-3'-nitrobenzophenone to 3-nitro- 
fluorenone requires the presence of copper or cuprous chloride 
for optimum yield, the cyclisation of 2-amino-4 l-methylbenzo- 
phenone to 4-methylfluorenone is noticeably reduced in yield by 
the presence of copper or cuprous chloride.
- .71 -
Azido-reactions with 3'-derivatives of 
some indeno-1 1:2 '-heterocyclic compounds
3,-0xo- and 3 f-hydroxy-2-phenylindeno-(l’:2 ’-4:5 )- 
thiazole, 3’~oxo- and 31-hydroxyindeno-(l’:2 ’-3:2 )-thiophen, 
and the 3 ’-benzylidene-derivatives of 2-phenylindeno- 
(1 ':2r-4 :5^thiazole and indeno^(l' :2 ’ -4:5 )-thiazole have heen 
submitted to reaction with hydrazoic acid in strongly acidic 
media;
Compounds submitted to the azido- 
reaction in the present work
CO 00
x c /
OH
Ph
X /  /
H OH
/  \  Q /  X  g / 
CH-Ph
•Ph
-N
v* \  c / \  g /
I
CH-Ph
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By this means, 3 r-oxo-2-phenylindeno-(l’:2'-4 :5 )- 
thiazole, 3’-hydroxyindeno-2-phenylindeno-(l1:21-4:5)-thiazole, 
and 31-oxo-indeno-(l’:2 '-3 ;2 )-thiophen have undergone ring- 
expansion to yield the corresponding quinolino- or isoquinolino- 
heterecycles.
Azido-reaction productReactant
/  Ph Ph
or
jph
CO V>
OH
PH
orPh
OH
or
S'*'
f- 73 -
Each azido-reaction has yielded a single product, 
and to each product could be assigned either of the isomeric 
formulae indicated in the Table.
Arcus and his co-workers have prepared several 
phenanthridines ^ and phenanthridones ^ 8) from fluoren-9-ols 
and fluorenones respectively via azido-reactions; the struc­
tures of the products have been assigned by their comparison 
with, or conversion into, known compounds.
Azido-reaction with 3 1-oxo-2-phenylindeno-(l*:2*-4«5)-thiazole
The azido-reaction was successfully carried out by 
gradual addition of sodium azide to a stirred solution of the 
ketone in sulphuric acid at 35 - 40°; the same procedure at 
0° returned starting material, and the reaction at 35 ~ 40° 
did not result in complete conversion. The resulting 
mixture was poured into water, and the precipitated solid was 
purified by sublimation. Two compounds were so isolated; 
one was unchanged starting material, and the other analysed 
satisfactorily for 2-phenyl-(iso)quinolono-(4t:3!-4:5)-thiazole.
In general, the observations of Arcus and his co- 
workers have been that mixtures of pairs of isomeric products 
result from the azido-reaction with substituted fluorenones:-
NH-CO
However, the azido-reaction with 3 1 -oxo-2-phenylindenothiazole 
is now shown to yield a single product, indicating exclusive 
migration of the homocyclic or the heterocyclic•fragment.
Such a finding might he anticipated; in the substituted 
fluorenones the differences in electronic and steric character 
between the migrating groups is not great, and therefore they 
are in close competition for the nitrogen atom of the inter­
mediate protonated azide:- /
X " ~ x   /■"— ^
\ A
X
u
HO^ 2 N
A
X
B
CO — NH
NH— CO
^  / X  \
N = N - NH OH 
•f
+ N
If the rings possess greatly differing electronic 
and steric characteristics, then exclusive migration of one
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ring is to be expected. Large differences are introduced 
by a degree of basicity in one ring; thus, Petrow^^ has 
reported exclusive migration of the heterocyclic ring in the 
azido-reaction with 1 :3~himethyl-2-azafluorenone, and Arcus 
and C o o m b s 4^7) record exclusive migration of the unsubstituted |
ring during the azido-reaction with 2-aminofluoren-9-ol (see
pp. 36, 37). Further, the successful azido-reactions
.
performed in the present work with heterocyclic analogues of 
the fluorenones and fluorenols have all involved exclusive 
migration of one ring; of these analogues, 3-oxoindenothio-
i
phen does not contain a basic nitrogen atom, and exclusive |j
migration is induced either by a steric factor or by greatly 
differing electron-release from the rings attached to the j
carbonyl group. j
Azido-reaction with 3* -hydroxy~2~phenylindeno-(l* ;2 1 -4:5 )-thiazole !
i i
j I
The carbinol was gradually added to a preformed j
1:
! i
solution of hydrazoic acid in chloroform in .the presence of 
sulphuric acid at 25°; this procedure has been used for a |i
number of fluorenols by Arcus and Coombs^^^, After two hours |! 
the resulting mixture was poured on ice, and a single product j; 
was isolated from the aqueous and organic layers; the expected 
course of the azido-reaction, to 2-phenylquinolino-(4 * :3* -4 *5 )“ |i 
thiazole or the isomeric isoquinolinothiazole t was confirmed by I! 
analysis of the product. |
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Azido-reaction with 3* -oxo-indeno-(l1 :2* -3:2 )-thiophen
The ketone in solution in trichloroacetic acid was 
treated with hydrazoic acid in the presence of sulphuric acid 
at 50 - 55°; such a procedure was considered to reduce the 
risk of sulphonation of the starting material and the azido- 
reaction product.
The resulting mixture was poured on ice, and 
quinolono~(3 ’:4 '-2 :3 )-thiophen, or its isoquinolono- isomer, 
was isolated from the precipitated solid by sublimation and 
.recrystallisation from nitrobenzene.
Azido-reaction with 3 ' -hydroxyindeno-(l*:2*-3:2)-thiophen
The reaction with this carbinol was performed as 
with 3 '-hydroxy-2-phenylindeno-(l’:2 ’-4:5 )-thiazole; the 
resulting mixture was poured into water, yielding a black 
solid. This product,' on being suspended in a mixture of 
benzene and aqueous alkali, was returned unchanged; on 
sublimation, it yielded a trace of dark oil.
The attempted preparation of the azide from this 
carbinol followed the procedure which resulted^^) ± n  the 
conversion of 1 :2-benzofluoren-9~ol into 9-azido-l:2-benzo~ 
fluorene: 3’-hydroxyindeno-(l1:2 1-3:2 )-thiophen was added to 
a stirred solution of hydrazoic acid in trichloroacetic acid 
and chloroform at 30 - 35°. The mixture was diluted with
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water and extracted with chloroform; the evaporated chloro­
form extract yielded a green oil, which did not contain 
nitrogen.
Azido-reaction with 5 V-benzylideneindeno-(l1:2'-4»5)-thiazole
The olefin was gradually added to a hydrazoic acid - 
sulphuric acid - chloroform mixture at 27°; such a procedure 
converted 9-henzylidenefluorene into 9-benzylphenanthridine# 
The sulphate of the (basic ) olefin separated after addition of 
the olefin, and dissolved in. a large excess of sulphuric acid; 
the resulting mixture was treated as usual, and returned 
starting material.
It is considered that the factor which prevents this' 
olefin from entering into the azido-reaction is the reduced 
possibility of carbonium ion formation from the protonated base; 
such carbonium ion-formation is essential to the azido-reaction 
mechanism (see Introduction)
NH*v
I!
NH
It is unlikely that the carbonium ion forms readily from such 
a positively-charged molecule.
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Azido-reaction with 31-benzylidene-2-phenylindeno-(l':21-zj:5 )-
thiazole
The azido-reaction with this olefin was carried out 
as with hehzylideneindenothiazole; the olefin was returned 
unchanged.
The failure of this azido-reaction may similarly be 
ascribed to the failure of this compound to give rise to carb­
onium ions after protonation at the thiazole nucleus. However, 
it must again be mentioned that the 3 '-oxo- and 3 1-hydroxy- 
derivative s of 2-phenylindeno-(l':2 f-4 :5 )-thiazole have 
successfully undergone azido-reactions. These compounds are- 
in themselves not basic (they are unchanged by suspension in 
aqueous mineral acid), and although they will undoubtedly 
suffer protonation in sulphuric acid, it must nevertheless be 
accepjted that they give rise to carbonium ions in such a medium:
+ - 3 hsoa
v h5o+
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Other basic materials have successfully undergone 
azido-reaction, further evidence that protonated compounds can 
give rise to analogous carbonium ions (see Introduction).
Discussion -of the Azido-reactions
It has been mentioned that the 3 1-benzylideneindeno- 
thiazoles evidently do not give rise to carbonium ions under 
the conditions used in the azido-reactions; it is now suggested 
that it is more difficult to protonate the carbon-carbon double 
bond in such olefins than to protonate the carbonyl group in 
3 ’ - 0 X 0 -indenothiophen and 3 1-oxo-2-phenylindenothiazole, and to 
give rise to the carbonium ion from 3T-hydroxy-2-phenylindeno­
thiazole . This is in line with the observation that the 
3f-oxo- and 3’-hydroxy-2-phenylindenothiazoles dissolve readily 
in sulphuric acid, whereas the olefins separate as their 
sulphates on being added to sulphuric acid, and are brought into 
solution only by a large excess of sulphuric acid.
Ketones are known to show some basic characteristics
(g i )
, further, arylmethanols, and such carbinols as fluoren-9- 
ol, have a tendency to ionise in strongly acidic solutions^5^)._
R-OH +- 2 H2SO4 R+ +■ H,0* + 2 HSO^
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The structures of the Azido-reaction products
Attempts have been made to assign a definite structure j 
to each of the products obtained by azido-reaction with 3 -oxo- ; 
2-phenylindeno-(l':2 ’-4:3 )-thiazole, 3 ’-hydroxy-2-phenylindeno- 
(l ’ :2'* -4*5 )-thiazole, and 3’ -oxo-indeno-(l ’ :2 '-3:2 )-thiophen.
As mentioned earlier (Table on p. ?2), & single j !
product obtained from the azido-reaction can have either of two 1
isomeric formulae; a knowledge of the electron-release 
properties of the groups which can migrate during the azido- 
reaction aids the prediction of the probable structure of the |
product (see Introduction) but unequivocal confirmation is
obtained only by direct comparison with known compounds, or by 1
i
conversion or degradation into known compounds. j
The structures of the azido-reaction products
|
mentioned cannot be predicted with any certainty since the 
relationships between the electron-release properties of the 
various heterocycles and the phenyl group are not known.
Indeed, it has been a secondary object of the present work to 
establish such relationships, Direct comparison with known 
compounds has not been possible, since none of the isomeric j
forms has hitherto been prepared. Attempts have therefore j
been made to degrade the azido-reaction products to known
f
compounds, and the methods of permanganate oxidation and Raney 
nickel desulphurisation have been employed; an attempt has been
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made to synthesise one of the expected products from the azido- 
reaction with 3'-oxo-indeno-(l’:2’-3:2}-thiophen.
Prediction of the course of the Azido-reactions
As stated in the Introduction, no predictions of the 
course of the azido-reactions with ketones are practicable at 
the present time.
However, the course of the azido-reaction with 
unsymmetrical carbinols is dependent on electron-release, and 
certain points may he mentioned in connection with the azido- 
reaction with 31-hydroxy-2-phenylindeno-(l1:2 ’-4:5 )-thiazole; 
the intermediate in the azido-reaction has the form:-
Ph\ 3
NH
The protonated thiazole ring B is expected'not to he capable of 
high electron-release to the 31-carbon atom, primarily due to 
the positive charge centred on the nitrogen atom; thiazoles 
generally resemble their pyridine analogues, which are also 
less electron-releasing than their benzene analogues.
However, the 2-phenyl substituent is expected to increase by 
some unknown factor the electron-release to the 3*-carbon atom,
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NH
but there is no available path by which this 2-phenyl substit­
uent could relay electron-release to the bond between ring A
and the 31-carbon atom. Such a path is available in
( )
2-substituted fluorene derivatives'-^':-
"CH
It would therefore be necessary to judge between the low ! 
electron-release expected from the protonated thiazole ring 
enhanced to some extent by the 2-phenyl substituent, and the 
electron-release from the phenylene ring.
A single product was obtained from the azido-reaction, 
indicating exclusive migration of one ring; no prediction is 
offered as to which ring has migrated.
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Permanganate oxidation
It was thought that although the heterocycles 
incorporated in the azido-reaction products are considered to 
be highly stable, potassium permanganate in neutral aqueous 
solution would oxidise the quinolino- and quinolono-hetero- 
cycles to quinolinic acids, and to benzoic acid:-
\s '
Het (COOH)
-COOH VCOOH
The isoquinolino- and isoqulnolono-heterocycles were expected 
to similarly yield isoquinolinic acids and phthalic acid:-
*X
! Het
/
R
,N
(fOOH) 
Nsn\.COOH O ' -COOH
■COOH
(iso )Q,uinolono-(31 -2 :3 )-thiophen was heated in
suspension with sufficient potassium permanganate in neutral 
aqueous solution to effect the above-mentioned degradation.
A small amount of non-basic material was obtained, which was 
shown to contain nitrogen and sulphur, and was not further 
investigated; the starting material was largely returned.
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An identical mixture was heated to 250° in a sealed tube; 
starting material was again returned.
Attempted synthesis , of .( iso)quinolono-(31 >4’ -2:3) -thiophen 
Quin.
^imaioio no thiophen and i so quinolono thiophen are 
potentially available by the Pschorr cyclisation of N-(o-amino- 
phenyl) 2-thienoic acid amide (I) and the isomeric N-(2-thienyl)
o-aminobenzamide (II) respectively:-
a )
NH2
■NH - GO
-OH
a i )
NH/
S ' - C O  - NH
The similar cyclisation of o-aminophenyl 2--&iienyl 
ketone to 3’-oxoindeno-(l’:21-3:2)-thiophen has been described 
earlier in the Discussion:-
CO
Either or both substituted amides (I and II) were
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expected as products of the azido-reaction with p.-amino phenyl 
2-thienyl ketone:- 7
/ \ ,T r
r * N H
CO
azido------i
re action \
NH - CO 
and/or
v  n h2
CO-NH-
CD
s
Hi)
No difficulty was expected in the assignment of structure to 
these azido-reaction products, since treatment with warm aqueous 
alkali should yield (from I) o-phenylenediamine, and (from II)
2-aminothiophen.
The azido-reaction yielded unchanged starting material, 
although phenyl 2-thienyl ketone has been shown(54) react 
with hydrazoic acid in the presence of sulphuric acid to yield 
as the main product N-phenyl 2-thienoic acid amide:-
CO
Here again, the basicity of the substrate may inhibit the azido- 
reaction; accordingly, the toluene-p-sulphonyl derivative of the
o-aminophenyl thienyl ketone was submitted to the azido-reaction
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r
j:
in sulphuric acid. Hydrolysis of this derivative to the amine j 
in sulphuric acid is known to occur(44)  ^ but -j_s a siow process 
(hydrolysis is complete at room temperature within 3 - 4  hours), ] 
and was not expected to compete seriously with the azido-reaction.j 
However, the expected amides did not form, and the amine was
recovered* \
|
i
Raney nickel desulphurisation
The desulphurisation technique, reviewed in an
i
Introductory section, has been applied to the elucidation of the 
structures of the azido-reaction products; a diagrammatic 
summary is given below of the desulphurisation products of the |
(iso)quinolinoheterocycles expected by analogy with recorded j|
experience with similarly-built compounds. |
Raney nickel was prepared from nickel-aluminium alloy 
by suspension in sodium hydroxide solution at 10 - 15°; this 
temperature is rather lower than that at which the normal ;
(gg )
hydrogenation catalyst is prepared , and such a modification 
has been f o u n d t o  yield a nickel saturated with hydrogen, 
and highly reactive in desulphurisation. The nickel prepared 
following this procedure was found to desulphurise a boiling 
0 ,1%  solution of thiophen in m-xylene in five minutes; it was, j
however, not pyrophoric. j
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Desulphurisation productAzido-reaction xvproduct
OH.
OH
or-
-OH
or
OH OHOH
or
Ph
or
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(iso )Qulnolono-(5*; 4 * -2 - 3 )-thiophen, the azido-reaction j
\
product from 3 1-oxo-indeno-(l’:2'-3 :2)-thiophen, was heated in \
m-xylene solution with Raney nickel, and the desulphurised ;
product was isolated by evaporation of the filtered mixture,
A white solid, m.p. 194-195°, was obtained; the melting-point
is close to that of 4-ethylcarbostyril (m.p. 197°) which has
been prepared by Wohnlich^ ^ . The desulphurisation product
analysed satisfactorily for 4-ethylcarbostyril, but did not
yield a picrate by the usual methods, although the picrate of j
t o
4-ethylcarbostyril is stated/form with picric acid in ethanol.
4-Ethylisocarbostyril has not been reported, and 
therefore the characterisation of the desulphurisation product i 
requires evidence in addition to the similarity of its melting- [ 
point to that of 4-ethylcarbostyril • Accordingly, the oxidationj 
of the desulphurisation product to the corresponding 4-c&rboxylic| 
acid was attempted, by the chromic acid procedure which has !;
converted 4-ethyl quinoline into cinchoninic acid^®);-
COOH
The desulphurisation product was heated with sodium dichromate 
in 35% sulphuric acid; the mixture became green, but the 
expected carboxylic acid was not isolated from the mixture.
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The oxidation of carhostyril in cold alkaline
potassium permanganate .solution yields isatin and oxalyl-
( )anthranilic acidw  ,
and it was considered that the similar conversion of the 
desulphurisation product into isatin would prove it to he a 
carhostyril derivative. One drop of a dilute solution 
of potassium permanganate added to a solution of the desulphur­
isation product in 2N-sodium hydroxide produced an emerald- 
green colouration; potassium permanganate solution was then 
added in excess. The green mixture deposited a hrown solid on 
standing; the colourless filtrate was concentrated and on 
acidification there precipitated starting material. The 
filtrate was evaporated; the solid residue did not give the 
indophenin reaction characteristic of isatin.
2-Hydroxycinchoninic acid
-OH
\
-CO
^  NH*
fVCOOH 
.NH-CO-COOH
00H
was prepared from N-acetyl- 
isatin^^ for comparison with the expected chromic acid 
oxidation product; one drop of dilute potassium permanganate
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solution added to a solution of 2-hydroxycinchoninic acid in 
2N-sodium hydroxide produced an emerald-green colouration 
identical with that produced under the same conditions by the 
desulphurisation product. Such a colour reaction may however 
be characteristic of the -N=C(0H)- grouping, and does not 
constitute definite proof of the carhostyril structure in the 
desulphurisation product.
2-Phenyl(iso)quinolono-(41♦31-4»5)-thiazole, the 
azido-reaction product from 31-oxo-2-phenylindeno-(l’i2 1-4*5 )- 
thiazole, was dissolved in m-xylene and heated with Raney nickel 
the hot mixture was filtered, and on cooling deposited white 
crystals. The crop was shown (by sodium fusion) to contain 
nitrogen, hut no sulphur; it analysed satisfactorily for 
4-benz.ylamino(iso )carbostyril, hut neither isomer has yet been 
roport/ed.
2-Phenyl (iso ^ uinolino-Ch1 • 31 -4;5 )-thiazole, the 
azido-reaction product from 3 1-hydroxy-2-phenylindeno-(l1:21-4*5 
thiazole, was dissolved in m-xylene, and heated with Raney 
nickel; the filtered mixture on evaporation yielded a trace of 
dark liquid. The picrate, m.p. I4O-I5O0, of this material 
yielded a few needles, m.p. 227-229°, on recrystallisation from 
ethanol. The picrate of isoquinoline has m.p. 222-223°.
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Attempted preparations of Phenanthridone 
from FIuorenone hydrazone
The rearrangement of hydrazones derived from cyclic
ketones, followed "by hydrolysis of the resulting intermediates 
to the lactams, appeared to offer an alternative method of 
ring-expansion, hut there is no record that it has been exper­
imentally investigated. Many examples of the use of poly-
phosphoric acid in the Beckmann rearrangement are recorded, and
( )the oximes of cyclic ketones rearrange'0 ' in this medium 
during 9 - 1 5  minutes at 90 - 130°. The rearrangement of 
fluorenone hydrazone was attempted by heating in polyphosphoric 
acid at 130° during ten minutes. The route under investigation 
was: - ' ■ .
When the resulting suspension was poured into water, 
there precipitated a neutral compound containing nitrogen; 
however, instead of the expected phenanthridone, it proved to 
be the product of self-condensation from fluorenone hydrazone, 
viz. fluorenone azine, The azine also forms when fluorenone 
hydrazone is heated'-at 200° under 18 mm. pressure and when
a mixture of fluorenone, hydrazine hydrate and ethyl alcohol is
+ n h 5
M  - NH2
heated at 150 - 1 60°^^
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A
i!
N-NE
N
It is worth noting that the treatment of benzhydrazide 
with hot polyphosphoric acid leads to self-condensation to 
2 :5-diphenyl-1:3*4~oxadiazole^4); _
2 Ph-CO-NH-NHg
N-
I
Ph-C
-N
OH HO
G-Ph
N-
!
ph-c.
-N
I
.C-Ph
'•O'
The only possible mechanism is, as in the formation 
of fluorenone azine from fluorenone hydrazone, the intemolecular 
elimination of hydrazine, followed in the case of benzhydrazide 
by internal dehydration.
A second approach leading to the formation of phen­
anthridone from fluorenone hydrazone is offered by the Curtius 
degradation. When applied to acid hydrazides, this leads to 
the corresponding acid azide:-
R-C0-NH-NH2 +• hono r -c o -n3 + h20
The reaction is not limited to acid hydrazides, since 
benzylhydrazine reacts with nitrous acid to give benzyl azide 
via the intermediate nitroso-derivative( ^ 5 );-
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Ph-CH2-NH-NH2 +■ HONO Ph-C H2 -N-Frio-^-Ph -C H2 -NH -NH -NO 
NO
Ph-CH2-N3 + H20
The formation of phenanthridone from fluorenone 
hydrazone was therefore attempted by pouring the suspension 
resulting from the reaction of the latter with nitrous acid 
into boiling dilute sulphuric acid, to promote rearrangement 
of the expected intermediate diazonium imine to phenanthridone:-
HONQ
EN
X
N-NH N -No H + N2
The product proved to be a mixture of fluorenone and 
fluorenone azine .
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Summary and Conclusions
The object of the first part of the work was to prepare 
compounds which are (a,) analogues of fluorene having one phenyl- 
ene ring replaced by a heterocycle, and (b) of the ketone, 
carbinol and olefin classes susceptible to ring-expansion by the
azido-reaction.
A series of indeno-(l1:2’-4*5 )-thiazoles XI; Z  = CH^V 
X 9 N, Y sr H, Me, Ph, NH2,'0H) has been prepared from 2-bromo- 
indan-l-one:-
Oxidation of the methylene compound (Z = CH2 ) was 
effective in the preparation of 3’-oxo-2-phenylindeno-(l1:2*-4:5 )- 
thiazole, which was reduced to the 3’-hydroxy compound. 
Unsubstituted indenothiazole and its 2-phenyl derivative cond­
ensed with benzaldehyde to yield the 3'-benzylidene compounds.
Direct preparation of the 3*-oxo-indenothiazoles from 
2-bromoindan-l:3-dione was not successful; the bromodiketone 
appears to act as an oxidising agent, analogous to N-bromo- 
succinimide.
2-Bromoindan-l-one was converted into 2:2-dibromo- 
indan-l-one on being heated with acetamide and with formamide; 
the expected indeno-oxazoles did not form. The amides are 
inferred to act as halogen-transfer agents.
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3f -Oxo-indeno~(l ’ :2 1 -3 :2 )-thiophen (I; Z a CO, X * CH) 
has been prepared and reduced to the 3’-hydroxy compound.
Six compounds susceptible to ring-expansion by reaction 
with hydrazoic acid were thus obtained. The benzylidene-indeno­
thiazole s (I; Z = C=CH.Ph) failed to react with hydrazoic acid; 
it is thought that after protonation at the thiazole nucleus 
these compounds are not further protonated to yield the carbonium 
ions essential to the azido-reaction mechanism.
The 3 1-oxo-compounds (I; Z = CO ) underwent ring- 
expansion to yield the corresponding (iso)quinolono-compounds 
(I; Z * -C(OH)sN- or -N=C(OH)-).
3 1-Hydroxyindeno-(l ’ : 2 ’-3 • 2 )-thiophen failed to react 
with hydrazoic acid, but 3 '-hydroxy-2-phenylindeno-(l':2 ’-4:5 )- 
thiazole underwent ring-expansion to 2-phenyl(iso)quinolino- 
(4’ i V  -4*.5 )-thiazole (I; Z = -CH=N- or -N=CH-, X = N, Y = Ph).
A single product has resulted from each successful 
azido-reaction, and shows that exclusive migration of either 
the heterocyclic ring or the phenyl ring occurs; examples of 
exclusive migration have been collected from the literature, 
and it appears to be a general rule that the azido-reaction with 
ketones and carbinols derived from indeno-1 :2-cyclic compounds 
involves exclusive migration if one of the rings is basic, or if 
one ring contains a hetero-atom.
Raney nickel desulphurisation of the (iso)quinolono- 
compounds proceeded satisfactorily, hut evidence sufficient to 
distinguish a quinolono- from an iso-quinolono- structure has 
not been obtained.
The possibility of rearrangement of fluorenone hydrazone 
to phenanthridone by treatment with polyphosphoric acid and by
diazotisation has been investigated; rearrangement did not occur1
I
fluorenone and its azine being formed. }
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EXPERIMENTAL SECTION
Melting-points are corrected.
Unless otherwise stated, ethanol refers 
to • the ’ 9&fc ale ohol ■. .•
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Hydrocinnamic acid
(Adapted from the method of Adkins and Billica^1 )^
In a typical experiment, a suspension of cinnamic acid 
(200 g, ) and Raney nickel (5 g.; BDH Mstabilised" ) in ethanol
(200 ml.) was sealed in an autoclave. The residual air in the
apparatus was displaced by raising the pressure to 50 atm. with
hydrogen, releasing the pressure, and repeating this procedure;
finally, the autoclave was charged to 80 atm. with hydrogen, the 
amount of gas present at this pressure in the volume available 
in the autoclave being sufficient for the complete conversion 
into hydrocinnamic acid.
The autoclave and contents were heated, and the 
mixture was stirred mechanically. Absorption of hydrogen 
occurred as soon as the internal temperature reached 40-45°; 
reaction was complete after !•§■ hr., as shown by the maintenance 
of a constant pressure 31 atm., temperature having reached a 
maximum value 550 within this time.
The product was liquid owing to the high solubility 
of hydrocinnamic acid in ethanol (372 g./lOO g. ethanol); the 
supernatant liquid was siphoned from the catalyst, and the 
autoclave recharged with a suspension of cinnamic acid in 
ethanol. The catalyst was re-used three times.
\  The solution was filtered, and solvent removed by 
distillation. The residue on distillation yielded hydro­
cinnamic acid, b.p.'117.5-ll8°/0.35 mm., m.p. 46°.
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As a result of several such procedures, 633 g. °T 
cinnamic acid yielded 437 g. hydrocinnamic acid, an . overall 
yield of 69% •
If the temperature is allowed to rise above’55°, 
then extensive esterification by the ethanol used as solvent 
occurs: in the hydrogenation of cinnamic acid (200 g. ),
catalysed by Raney nickel (5 g.), the pressure was initially 
100 atm., and fell :to 20 atm. in 5i hr., while the temperature 
rose from 10° to a maximum value 75° • The product, after 
filtration and removal of solvent, yielded ethyl ^-phenyl- 
propionate (85 g.s b.p. 90-92°/l mm.) in addition to hydro­
cinnamic acid (115.3 g., b.p. 118-l20°/l.2 mm., m.p. 48°).
The ester has hydrolysed by heating under reflux with 
aqueous potassium hydroxide (20% ;  100 ml.) for 60 min.;
the mixture was acidified with hydrochloric acid and extracted 
with ether. The' dried ethereal extracts on evaporation 
yielded hydrocinnamic acid (73*3 g.), m.p. 45°. The yield 
of hydrocinnamic acid aoi4 in this experiment is thus 188.8 g., 
i.e. 93% .
Indan-l-one
(a ) From hydrocinnamic acid (method of Koo^2 )^.
Hydrocinnamic acid (20 g.) was added to polyphosphoric 
acid (from phosphoric acid (100 g.) and phosphoric oxide (100 g.
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at 80°, and the mixture was maintained at this temperature for 
80 min. A gradual change from colourless to pale yellow 
occurred during this time. The product was stirred into ice- 
water (250 g.) and the mixture extracted with ether.
Combined ethereal extracts were washed with saturated sodium 
hydrogen carbonate solution to remove unchanged hydrocinnamic 
acid, washed with water, and dried (MgSO^); the residue on 
evaporation yielded indan-l-one (15*4 g», b.p. 122°/15 mm., 
m.p. 38°) after distillation, a yield of '87.5$.
Hydrocinnamic acid (0,3 'S') was ...recovered by acid­
ification of the sodium hydrogen carbonate washings, followed 
by extraction with ether.
By the above procedure, but with the ratio of poly- 
phosphoric acid (200 g.) to hydrocinnamic acid (40 g.) altered 
to 5*1, the yield of crude indan-l-one (20.3 g.) was 58%, and 
of purified indan-l-one (18.8 g,; m.p. 38.5°) was 53%.
Unchanged hydrocinnamic acid (12.5 g., 31% of the starting 
material) was recovered..
To polyphosphoric acid (400 g.) containing in suspens­
ion phosphorus pentoxide (35 g.) was added hydrocinnamic acid 
(80 gv), and the mixture was stirred at 80° during 80 min. 
Resinous by-products were formed due to the contact of hydro- 
cinnamicqacid and undissolved phosphoric cxi&e, indicated by 
the rapid discolouration of the mixture.
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The crude product (61 g. ) from the ether extraction 
stage of the procedure described above was red; it yielded on
it
distillation indan-l-one (38.5 g.; 55%), b.p. 120-122°/15 mm.,
m.p. 39.5°, and a residue (20 g.) which did not distil at 180°
at a pressure of 0.2 mm. The recovery of unchanged hydro- j
i j.
cinnamic acid from sodium hydrogen carbonate washings was 
small (5 g*).
i;
The yield of indan-l-one from the dehydration of |
if
hydrocinnamic acid (10 g.) by "tetraphosphoric acid” (100 g. ; j;
AlbrighfT & Wilson, Ltd.) was 6.35 g., b.p, 122°/I5mm., m.p. 39°, 
72 % i  j;
'(b) From indene (method of Pacaud and Allen^))
j j
Indene (80 g.) was saturated with hydrogen chloride 
by passing the dried (H2SO4 ) gas through the liquid at 5-10° 
during 20 hr.; the weight of the mixture had then increased 
by 15.5 g. The resulting liquid yielded on distillation, j
1-chloroindane (76.3 g. ), b.p. 92-106°/l4 mm. j;
jj
Oxidation to indan-l-one was effected by adding I;
j '  j
1-chloroindane (76.3 g. ) to a stirred mixture of chromic oxide :!
(100 g. ) in water (100 ml.) and acetic acid (100 ml.) during fj
! |
2 hr., the temperature of the mixture being maintained at 35-40° 
by external cooling; stirring was then continued for a further 1
15 min. j
i: i
The whole was neutralised with solid sodium carbonate, n
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and subjected to steam-distillation. Solid indan-l-one 
separated on chilling the distillate (2 litres), and was j;
collected; the wet solid was dissolved in benzene,(100 ml.), 
and freed of water by azeotropic distillation. Solvent was
I;
then distilled off, and from the residue (25.6 g. ) was obtained j
by distillation a colourless liquid, b.p. 120-126°/I7mmm., 
which crystallised spontaneously to colourless needles of 
indan-l-one (22.8 g. ), m.p, 39°. j
2-Bromoindan-l-one 
(a ) Method of Kipping^ ^
I:
A solution of bromine (16 g.) in glacial acetic acid 
(20 ml.) was added slowly to a cooled solution of indan-l-one (
(26.6 g.) in glacial acetic acid (12 ml.). The mixture was 
stirred for a few minutes, allowed to stand for 24 hr., and then 
subjected to steam-distillation,' The distillate was chilled j
in ice, and there separated 2-bromoindan-l-one (20 g.), j
m.p. 25-30°. Recrystallisation from light’petroleum (b.p.60-80°) 
yielded slightly coloured plates (15..O g. ), m.p. 38-39°. «
(b) Reagents due to Catch, Elliot, Hey and Jones(5)
(l) Bromine was added dropwise to a stirred solution of
indan-l-one (5 g.) and potassium chlorate (0.77 g. ) in dioxan 
(40 ml.) and water (15 ml.) at 74-78°, the flask being illumin­
ated by a 60-watt lamp. The rate of addition was adjusted
so as to Toe approximately equivalent to the rate of reaction, 
as shown by the decolourisation of the solution before the |
addition of the succeeding drop of bromine. Reaction was 
assumed complete when a yellow colour persisted in the solution; 
the total time of reaction was 2 hr., and 3.33 g. bromine was 
found to be required for complete reaction.
The product was extracted with ether; the ethereal 
solutions we re combined, dried (ilagSO^ ) and evaporated; the 
residue on distillation yielded crude 2-bromoindan-l-one (7.22 g. ) 
m.p. 20-23°. On recrystallisation from light petroleum 
(b.p. 60-80 ), it yielded slightly coloured platelets, 
m.p. 38.5-40°.
(2) Bromine (33.3 g. ) was added during 50 min. to a stirred
suspension of potassium chlorate (7.7 g.) in a solution of 
indan-l-one (50 g.) in dioxan (50 ml.) and water (20 ml.) at 
77-80°; the flask was illuminated with a 60-watt lamp.
The product was twice extracted with ether; the extract was 
washed with water, dried (Na2S0^), and on evaporation yielded 
crude 2-bromoindan-1-one (81.9 g.). The bromoketone was 
purified by distillation; a small first fraction (7.8 g.), 
b.p. H8-l20°/0.9 mm. was taken; the second fraction (65.7 g.), 
(82.3$), had f.p. 33°, b.p. 120-124°/1.0 mm.
A solution of indan-l-one (l g.) and potassium 
chlorate (0.15 g. ) in dioxan (10 ml.) and water (3.7 ml.) was 
divided into three equal parts. The portions were stirred and
- 10? -
warmed to different temperatures; one drop of a solution of 
bromine (l ml.) in dioxan (10 ml.) was added to each portion, 
and the time taken for the decolourisation of the solutions was 
noted. At 55°, bromination proceeds slowly (time for decol­
ourisation was 25 min.); reaction is more rapid at 70-73°
(time of decolourisation was 5i min. ), while at 100° the reaction 
appears to be instantaneous, the heat of reaction causing the 
solution to boil immediately after the addition. The three 
samples were completely brominated at the different temperatures 
by the addition of a slight excess of bromine; the product of 
bromination at 100° was noticeably darker, and some decomposition 
was suspected.
A small quantity of the initial mixture was made up 
as above, ana divided in the same way. One drop of bromine 
solution was added to each ofihreeportions heated at 77-78°, 
one portion being contained in a quartz test-tube and under 
the influence of a source of ultra-violet light, a second 
being shielded from this source but illuminated by a 60-watt 
lamp, and a third being shielded from both sources. The time 
taken for the decolourisation of the solution under the influence 
of ultra-violet light (3-g- min. ) was very nearly the same as the 
time of decolourisation of the other two portions (3 min.).
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Thloformamide
(Method of Willstatter and Wirth^^)
Phosphorus pentasulphide (50 g. ) was a,dded during 1 hr. 
to a vigorously-stirred mixture of formamide (100 g.) and ether 
(100 ml.) cooled in ice-salt mixture. The temperature of the 
stirred mixture was allowed to rise to room temperature during 
2 hr., then the ethereal layer was decanted.
The stirred residue was repeatedly extracted with 
50 ml. portions of ether during 3 hr.; the combined ethereal 
extracts (350 ml.) were washed with saturated ammonium sulphate 
solution (2 x 100 ml.) and dried (P2O5 ). The ethereal solution 
of ,crude thioformamide was stored in the refrigerator, and 
showed no tendency to decompose during several months.
Estimation of the solution by the procedure outlined 
below indicated a yield of 16.6 g. (25^).
Estimation of thioformamide
A 10 ml. sample of the ethereal solution of thioform- 
amide was pipetted into N-sodium hydroxide solution (50 ml.), 
and the mixture was heated under reflux for one hour.
The ether was distilled off, and the residue was heated under 
reflux for a further hour.
The resulting solution of sodium sulphide was estimated 
by a method adapted from that of Allen and Bishop^: to the
warm solution of sodium sulphide was added dropwise a solution
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of bromine (20 ml.) in potassium bromide solution (32 g. KBr in 
160 ml. water) until a permanent colouration remained. Excess 
bromine was expelled by gentle heating. Nitric acid (15 ml.) 
was added to the warm mixture, which was then evaporated to 
dryness on the steam-bath (fume-cupboard); nitric acid (5 ml.) 
was added, and the mixture again evaporated. Traces of nitric 
acid were expelled by the evaporation of added portions (5 ml.) 
of hydrochloric acid.
The white crystalline residue was dissolved in water 
and the filtered solution diluted to 1500 ml. with water.
Barium chloride solution { 5 % l  125 ml.) was added to the prepared 
solution at a constant rate of 5 ml. per minute; the mixture 
was then stirred, and the precipitated barium sulphate allowed 
to settle overnight. The barium sulphate was filtered (G-ooch 
crucible) and ignited at 600° to constant weight.
g. thief ormamide. per 1C ml. soln. * g. BaSG^ x 0.2612
Thioacetamide
(Method of Hantzsch^^)
A solution of acetamide (13.3 g.) in boiling benzene 
(100 ml.) was added to a suspension of phosphorus pentasulphide 
(10 g.) in benzene (100 ml.), and the mixture was heated under 
reflux. After 5 min., the supernatant solution was decanted 
from a.brown gum; on cooling, thioacetamide (2.47 g.),
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m.p. 102-103.5°> separated, and was recrystallised from ether 
to minute white prisms, m.p. 107-109.5°.
Hantzsch (loc .cit. ) quotes m.p. 107.5-3-08.5°..
Thiobenzamide
(Method of Fairfull, Lowe and Peak^^)
Hydrogen sulphide (dried by passing over P2°5 )
was passed for 4 hr. through a solution of benzonitrile (20 g. ) 
in a mixture of pyridine (20 g.) and triethylamine (20 g.).
The resulting pale green solution was poured into water, and 
the oil washed by decantation with water until it solidified.
The crude thiobenzamide was re crystallised from hot 
water, and forr.od pale yellow needles (17.2 g.; 65$), m.p. 118.5° 
The yield is appreciably lower than the reported yield (94$ ), 
but the melting-point is rather higher than that (116°) recorded 
by Fairfull, Lowe and Peak (loc.cit.).
Ammonium dithiocarbamate
(Method of Freund and Bachrach^^ )
Yellow crystals (4.45 g.) started to separate after
3 hr. from a mixture of carbon disulphide (24 g.) and ethanolic 
ammonia (5$fj200 ml.), and were collected after 24 hr.
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Indeno -(1 1 :2 1 -4• 5 ) -thiazole
An ethereal solution (70 ml.) of thioformamide (3.12 g.) 
was added during 40 min. to a solution of 2-bromoindan-1-one 
(10.0 g. ) in ether (50 ml.) heated under reflux. The mixture 
was heated for a further 60 min., during which time a red oil 
separated.
The crude hydrobromide (9.75 g. ) solidified on, 
standing under the mother-liquor for 3 days; the base was 
liberated from the crude hydrobromide (9.32 g.) by grinding 
with excess cold N-sodium hydroxide in a mortar, and was in
the form of a brown powder (6.14 g. ), m.p. 50-52°.
The crude base was extracted with warm N-hydrochloric 
acid; the filtered ice-cooled extracts were made alkaline with 
N-sodium hydroxide, and the precipitated pink powder (4.01 g., 
49$), m.p. 65.5-66.5° was collected. The base sublimed at 
80-100°/l0 mm. to yield indeno-(l1:2 1 -4°.5 ) -thiazole as colour­
less needles, m.p. 66.5-67°.
Found: C, 69.24; H, 4.24; N, 7.79; S, 18.09.
C10h7ns requires: C, 69.34; H, 4.04; N, 8.08; S, 18.51$
2-Aminoindeno-(l1:2 1-4 :5 )-thiazole
A solution of 2-bromoindan-l-one (3.00 g. ) in ethanol 
(15 ml.) was added during 90 min. to a solution of thiourea 
(1.07 g. ) in ethanol (5 ml.) heated under reflux. Heating was
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continued for a further 15 min. I
The hydrobromide of 2-aminoindeno*-(l ’ *.2 1 -4:5)-thiazole 
separated on cooling as a pink solid (4.0 g. ), m.p. 260-262° 
(decomp.) after recrystallisation from ethanol. The base (2.5 gj 
a grey solid, m.p. 198-203° (decomp.), was liberated from the 
hydrobromide by treatment with ice-cold N-sodium hydroxide.
After recrystallisation (charcoal) from ethanol, the base was 
obtained as pale violet needles, m.p. 210-211° (decomp.).
Found: C, 63.74; H, 4.20; N, 15.13; S, 16.93
Calc, for C10H8N2S; C, 63.77; H, 4.29; N, 14.88; S, 17.02^
King and Hlavacek^^ record m.p, 213-214°(hecomp. ).
2-Methylindeno-(l1 :2 * -4»5 ) - thiazole
A solution of thioacetamide (3.6 g. ) in ethanol (20 ml.) 
was added during 20 min. to a solution of 2-bromoindan-l-one 
(10.0 g.) in ethanol (20 ml.) heated under reflux; heating was 
maintained for a further 40 min.
On cooling, the hydrobromide (3.72 g. ) separated; on 
recrystallisation from ethanol, it formed needles, m.p. 266- 
267.5° (decomp.). The hydrobromide was treated with N-sodium 
hydroxide in a mortar, and liberated the base (1.60 g.), 
m.p. 82-83°. The base was twice distilled and yielded 2-methy 1- 
indeno-(1 1:2 *-4:5 ) -thiazole» b.p. 120-l22°/0.6 mm., prisms, 
m.p. 91.5-92°.
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Found: C, 70.71; H, 4.61; N, 7.55; 17.49
C11H9NS requires: G, 70.53; H, 4 .85; N, 7.48; S, 17.12%
Concentration of the hydrobromide mother-liquor 
yielded a flocculent yellow solid, m.p. 143-145°.
2-Indan-l-onyl 1 1-iminoethyl sulphide
A solution of 2-bromoindan-l-one (10.0 g. ) in ethanol 
(10 ml.) was diluted with ethanolic ammonia (4$; 20 ml.).
To the resulting wine-red solution was immediately added a 
solution of thioacetamide (3.6 g.) in ethanol (10 ml.), and the 
mixture was allowed to stand with occasional agitation, and 
cooling to 35-40°. Colourless crystals separated after 20 min., 
and the remainder of the product was caused to crystallise by 
shaking. The.solid'(7 .05 g.) was filtered and washed with a 
little ethanol, then extracted repeatedly with 20 ml. portions 
of a warm chloroform-water mixture. The organic layer was 
separated and dried (K^ CO-^ ), decolourised with charcoal, and 
concentrated; on standing there separated 2-indan-l-onyl 
1 1-iminoethyl sulphide (1.76 g.) as large colourless prisms, 
m.p. 140.5-141Oj m.p. 141.5-1420 after recrystallisation from 
chloroform.
Found: C, 64.57; H, 5.55; N, 6 .70; S, 15.73
C11H110NS requires: C, 64.34; H, 5.41; N, 6.82; S, 15.62%
The melting-point of the sulphide was depressed by
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admixture with the flocculent yellow solid, m.p, 143-145°, 
obtained in the preparation of 2-methylindenothiazole.
2-Phenylindeno-(l* : 2 1-4 5^ )-thiazole
Solutions of thiobenzamide (3*33 g. ) in ethanol (15 ml.)
and 2-bromoindan-l-one (5.00 g.) in ethanol (10 ml.) were mixed,
and the whole heated under reflux for 45 min.
On cooling, the reaction mixture deposited the hydro-
bromide, (5.02 g.; 64%) as yellow needles, m.p. 240-242° (decomp. ).
The base was liberated as a fawn-coloured solid (3.73 g.), 
o
m.p. 100-100,5 , by treating with excess ice-cold N-sodium j
hydroxide in a mortar. |
■ ■ ! 
( Although the base could be sublimed at 90-130°/0,l mm., f
I
complete purification of the base was not achieved. The base
I
distilled at 0.1 mm. in a silicone bath at 200-235° without 
decomposition. Distillation of the base (1,0 g.) yielded a 
small yellow first fraction (0.05 g.)» m.p. 92.5-94.5°; 
a colourless second fraction (0.2 g.), m.p. 99.5-100.5°, was 
taken before the main fraction (0.4 g., b.p. 164-170°/0.1 mm.) j
I
was collected, which formed slightly coloured prisms, j
m.p. 101.5-102°, of 2-phenylindeno-(l*:2 *-4 :5 )-thiazole.
Found: C, 77.77; H, 4-42; N, 5.52; S, 12.47 j
c16h11ns requires: C, 77.09; H, 4.46; N, 5.62; S, 12.86% j
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2-Thiocyanoindan-l -one
2-Bromoindan-l-one (3,0 g.) dissolved in ethanol 
(10 ml.) was added to a solution of potassium thiocyanate (1.38 g.) 
in ethanol (10 ml.) and the mixture was heated under reflux for 
5 min, Precipitated potassium bromide was filtered off, and 
washed with ethanol (5 ml. ), the washings being added to the 
filtrate. On cooling, there separated 2-thiocyanoindan-l-one 
(2.4 g. ), m.p. 89.5-91°, which on recrystallisation from ethanol 
yielded almost colourless prisms, m.p. 91.5-92°.
Found: C, 62.58; H, "3.62; pf, 7 .26; S, 16.12
Calc, for Cioh7ONS: c> .4-6; H, 3.73; N, 7.40; S, 16.94$
A portion (0.2 g.) of the thiocyanate was heated under 
reflux for 30 min. with alcoholic potassium hydroxide (0.2 g.
KOH in 5 ml. ethanol). The mixture quickly turned black; 
the product was cooled, and a small amount of dark solid, 
m.p. greater than 320°, was filtered off. Acetic acid in 
slight excess was added to the filtrate; solvent was removed 
under vacuum, and the residue extracted with aqueous ethanol 
(50^; 10 ml,). Tests for the presence of the thiocyanate ion 
in the filtrate were positive (red colouration with dil HNO3 
and one drop of ferric chloride solution; faint white precip­
itate with mercuric nitrate solution; faint white precipitate 
with dil HNO-^  and silver nitrate). A portion of the aqueous 
ethanolic extract was extracted with ether; the ethereal 
solution was dried (CaCl2 ), and evaporated. The residual
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trace of brown gum was taken up in aqueous ethanol; the 
solution gave no reaction with ferric chloride, indicating the 
origin of the above colouration to be an ionic species.
The aqueous solution of the residue from the ether extraction 
gave a red colouration with dilute nitric acid and ferric 
chloride solution.
de Stevens et al. record m.p. 91-92^ for
2-thiocyanoindan-l-one.
2-Hydro3cylndeno-(l1 :2 1 -4»5 ) -thiazole
Hydrogen chloride (dried by sulphuric acid) was 
passed for 2 hr. through a boiling solution of 2-thiocyano- 
indan-l-one (1.0 g.) in ethanol (20 ml.). A green fluor­
escence developed in the solution, which on concentration 
deposited small yellow-green prisms (0,58 g.), m.p. 210-220° 
(decomp.). The product, on recrystallisation (charcoal) from 
ethanol yielded colourless prisms, m.p. 228-229°(decomp.).
Found: C, 63.36; H, 3.60; N, 7.31; S, 17.12
Calc, for C10H70NS: C, 63.46; H, 3.73; N, 7.40; S, 16.94#
de Stevens et al.  ^ record m.p. 23O-23I0 for
2-hydroxyindeno-(l’:2 ’-4:5 )-thiazole.
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2-Mercaptoindeno-(l1 :2 1 -4‘»5 )-thiazole
Ammonium dithiocarbamate (2.60 g,) was added to a 
solution of 2-bromoindan-l-one (5.00 g. ) in isopropanol (20 ml.), 
and the mixture was heated under reflux for 30 min. The prod­
uct was filtered and diluted with ether; there precipitated a 
white solid, which dissolved readily in water, the solution 
giving positive tests for the bromide ion. The ethereal 
solution was washed with water, dried (NagSO^), and diluted with 
isopropanol (15 ml.); ether was distilled off, and from the 
residual- solution there separated a yellow-green solid (1.40 g. ) ,  
m.p. x  3^0°, soluble in 2N-sodium hydroxide to yield a green 
solution, from which it was quantitatively reprecipitated on 
acidification,
Attempts were made to degrade the condensation product 
to indeno-(l’:2 '-4 :5 )-thiazole:-
(a) Hydrogen peroxide degradation
A suspension of the condensation product (0.50 g. ) in 
concentrated hydrochloric acid (5 ml.) and hydrogen peroxide 
(20 vol.; 20 ml.) was warmed on the steam-bath during 30 min. 
After further addition of hydrogen peroxide (10 ml.) during 
20 min,, the mixture was heated for 10 min.
The mixture was cooled and filtered; the filtrate, 
became faintly turbid on dilution with barium chloride solution.
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( b ) Raney nickel desulphurisation
Raney nickel (1 g. ) was added to a solution of the 
condensation product (0.2 g.) in ethanol (30 ml.), and the 
mixture was heated under reflux for 6 hr. The resulting dark 
blue fluorescent mixture was filtered and evaporated, and the 
residue was purified by vacuum sublimation (l20°/0.5 mm.).
The sublimate possessed the pyridine-like smell of 
indeno~(l’:2 1-4:5)-thiazole, but insufficient sublimate was 
obtained for a melting-point determination; however, the 
sublimate yielded a picrate, m.p, 181.5-182°, from ethanol, 
m.p. undepressed on admixture with indeno-(l’:2 '-4 :5 )-thiazole 
picrate, m.p. 183-184°.
Diazotisation of 2-aminolndeno-(ll:2 f-4 :5 )-thiazole
2-Aminoindeno-(l’:2’-4 :5 )-thiazole (2,0 g.) was 
dissolved in formic acid (98$; 20 ml.) by gentle warming. 
Sulphuric acid (50$; 20 ml.) was added to the cooled solution; 
after a few seconds the pink sulphate separated. To this 
mixture at -10° was added during 3 min. a solution of sodium 
nitrite (0.8 g.) in water (15 ml.) at 0°; the mixture darkened 
rapidly as the suspended solid was brought into solution.
The diazo-solution was unstable, and on standing at -5° for 
30 min, deposited a brown insoluble material, m.p.^>320°, in 
amount comparable to the initial weight of aminothiazole.
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The filtrate did not yield a colouration with alkaline 
^-naphthol.
The above diazotisation procedure was repeated;
as soon as addition of sodium nitrite solution was complete,
the diazo-solution at -10° was added with stirring to a solution
of ^-naphthol (2.0 g. ) in 2N~sodium hydroxide ('240 ml.) at -10°.
A purple amorphous solid, presumed to be indeno-(l1:21-4:5)-
thiazole-2-azo-^-naphthol, separated.
\
Kypophosphorous acid (5 ml.) was added to a diazo- 
solution prepared as above; a dark solid (1.9 g.) m.p.)>320o 
slowly separated. The solid was filtered off, the filtrate was 
made alkaline with sodium hydroxide solution, and extracted with 
ether, A trace of residue obtained after evaporation of the 
dried (Na2S0^) solution did not yield a picrate; the expected 
deamination product, indeno-(l1;2’-4*5)-thiazole, readily forms 
a picrate.
3 1 ~Benzylideneindeno-(l1 :2 1 -4»5 )-thiazole
To a solution of indeno-(l’:2’-4*5)-thiazole (3,22 g. ) 
and benzaldehyde (2.03 g. ) in methyl alcohol (20 ml.) was added 
15 ml. of a solution of potassium hydroxide (8 g,) in methyl 
alcohol (50 ml.).
■ A dark oil slowly separated, and after 60 hr. at room 
temperature its solidification was aided by dilution with methyl 
alcohol (10 ml,). The crude derivative (3.43 g.) yielded on
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recrystallisation from methyl alcohol (and the use of charcoal) 
3*-benzylidenelndeno-(l*:2 1-4*5 )-thiazole, fine yellow needles, 
m.p. 70°.
Found: C, 77.67; H, 4.16; N, 5.58; S, 11.60
C17H11NS requires: C, 78.14; H, 4.24; N, 5.36; S, 12.27%
3 ' -Benzylidene-2-phenylindeno-(l1:2 '-4»5)-thiazole
To a solution of 2-phenylindeno-(l’:2’-4 :5)-thiazole
(1,00 g. ) and benzaldehyde (0.44 g. ) in methyl alcohol (20 ml.)
was added 8 ml. of a solution of potassium hydroxide (8 g.) in
methyl alcohol (50 ml.). The colour of the mixture changed
from yellow to red, and then to hrown; separation of a yellow-
brown solid (1.24 g.), m.p, 140-1500, occurred spontaneously,
and the solid was collected affcer 20 min.
Recrystallisation (charcoal) from methyl alcohol
yielded 3 *-benzylidene-2-phenylindeno-(l’ :2 ' -4 :5 )-thiazole,
o
golden-yellow needles, m.p. 159.5-160 .
Found: C, 81.86; H, 4.49; N, 4.25; S, 9.01
C23%^NS requires: G, 81.87; H, 4 .48; N, 4.15; S, 9.50%
Attempted preparations of 3 ' -oxo-indeno-(l1:2 * -4:5 )-thiazole
(i) To a solution of selenium dioxide (0.60 g., re-sublimed) 
in a  mixture of dioxan (15 ml.) and water (0.3 ml.) at 60° was
added indeno-(lf 2 ’ -4:5 )-thiazole (1.00 g. ); the solution was 
heated under reflux for 6 hr,
The resulting suspension of elementary selenium was 
filtered; the filtrate was diluted with ether (50 ml.), washed 
with water, and dried (Na2S0^). The residue (0.90 g. ) obtained 
on evaporation of the ethereal solution was purified by sublim­
ation at 80°/0.1 mm. and yielded pale yellow needles (0.90 g. ), 
m.p. 66.5-67°, mixed m.p. with indeno-(l’:2 r-4:5 )-thiazole 66-67°.
(ii) A suspension of indeno-(l*:21-4:5 )-thiazole (1.00 g. )
in a solution of selenium dioxide (0.50 g.) in water (7.5 ml.)
o ^
was heated in a sealed tube at 120-150 during 1 hr. j
The product was cooled in ice, and the crystalline j
I
solid was collected; its purification by sublimation yielded 
pale yellow needles (0,95 g.), m.p. 68-68.5°, mixed m.p, with 
indeno-(l’:2 ’-4 :5 )-thiazole 68-68.5°. I
I
(iii) A mixture similar to that used in (ii) was heated in a
sealed tube at 170-190° during 1 hr. Starting material (0.1 g. ) !
was returned, and was the only compound isolated by sublimation 
of the material obtained by ether extraction of the reaction 
product.
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Attempted preparation of 3!fcO-SD~S-amlno -indeno-(l1 ;2 * -4* 5 )-thiazole
A solution of potassium dichromate (9.1 g.) in glacial 
acetic acid (50 ml.) and water (20 ml.) was added during 40 min. 
to a solution of 2-aminoindeno-(l1:2’-4*5)-thiazole (3.0 g.) in 
glacial acetic acid (10 ml.) heated under reflux. The mixture 
was heated for a further 2 %  hr., poured into ice-water, and 
allowed to stand overnight * The resulting brown precipitate 
was washed with water by decantation, suspended in water, and 
subjected to steam-distillation; the distillate contained no 
ether-soluble material. The mixture being distilled was made 
alkaline with sodium hydroxide solution, and steam-distillation 
was continued; the distillate contained no ether-soluble 
material.
Attempted preparations of 3 *-oxo-2-phenylindeno-(l1 :2'-4:5)-
thiazole
(i) A solution of 2-phenylindeno-(l’:2’-4 :5 )-thiazole (0.50 g.) 
in glacial acetic acid (10 ml.) was mixed with a solution of 
sodium dichromate (1,00 g. ) in glacial acetic acid (5 ml.) and 
water (l ml.); the whole was heated under reflux for 30 min.
The mixture was cooled, diluted with water (150 ml..), 
and allowed to stand at 0°. There separated from the green 
mixture a brown precipitate (0.23 g.), m.p. 74-89.5°, which was 
collected, washed with water, dried, and purified by sublimation
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at 100°/0.05 mm. The sublimate (0.06 g. ) had m.p. 99-101°, 
and mixed m.p. 78-82° with 2-phenylindeno-(l’:2 ’-4*5)-thiazole.
(ii) A solution of 2-phenylindeno-(l’:2’-4:5)-thiazole 
(0.5 g.) and chromium trioxide (0.45 g.) in glacial acetic acid 
(10 ml.) was heated under reflux for 20 min. The resulting 
green mixture was diluted with water, and shaken with ether; 
the ethereal layer was washed with water, dried (NapSO^), and 
evaporated.
The residue was purified by sublimation at 110°/0.2 mm 
and yielded orange crystals (0.08 g. ), m.p. 62-64°; the picrate 
m.p, 170°, which was prepared by mixing cold concentrated 
solutions of the sublimate and of picric acid in ethanol, had 
mixed m.p. 173° with the picrate, m.p, 173°, of 2-phenylindeno- 
(l1:2 1-4:5 )-thiazole.
3 *-0xo-2-phenylindeno-(l1:2 1-4 >5)-thiazole
A suspension of 2-phenylindeno~(l’:2’-4:5 )-thiazole 
(5.00 g.) in a solution of selenium dioxide (10.0 g.) in water 
(12 ml.) was heated in a sealed tube at 220-240° for 2^ hr.
The crystalline solid phase was separated from the 
reaction mixture and washed with water; its purification by 
sublimation at 160°/0.1 mm. yielded three distinct compounds
(a) The first sublimate was white, and after
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repeated re-sublimation had m.p. 118°. It dissolved 
readily in sodium hydroxide solution; 0.1049 g. of 
compound required 8.45 ml. 0.09768N-sodium hydroxide 
to neutralise its methanolic solution to the phenol- 
phthalein end-point'. Its equivalent weight is thus 
127.1.
Benzoic acid melts at 121°, and has equivalent i 
weight 122.0; the sublimate did not depress the 
melting-point of a sample of benzoic acid.
(b ) The last of the several fractions taken 
melted sharply; the intermediate crops had indef- * 
inite m.p.s, and on fractional crystallisation from 
ethanol yielded material identical with the last 
fraction. The mother-liquo\rs on concentration 
yielded buff prisms, m.p. 100°, m.p, undepressed on 
admixture with 2-phenylindeno -(l1:2 1-4:5 )-thiazole.
(c) The last crop, and the material obtained from
the fractional crystallisation of the intermediate 
crops, formed fine orange needles (1.57 g.), 
m.p. 174-175°, of 51-oxo-2-phenylindeno-(l’:2 1-4:5 )-
thiazole.
Found: C, 72.42; H, 3-32
C16H9ONS requires: C, 7.2.98; H, 3.44%
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3* -Hydroxy-2-phenylindeno-Cl1 :2-A:5 )-thiazole
31 -0xo-2-phenylindeno-(l' :2 ' -4:5 )-thiazole (0.39 g. ) 
was added to a solution of aluminium isopropoxide in isopropanol 
(prepared by dissolving 0.2 g, aluminium turnings in 10 ml. 
isopropanol); the mixture was heated under reflux for !•§■ hr.
acid (100 ml.) and the precipitated solid was collected and 
washed with water. Recrystallisation from n-heptane yielded 
pale yellow needles (0.33 g.) of.31-hydroxy-2-phenylindeno- 
(1 1:2 *-4:5)-thiazole, m.p. 187°.
Attempted preparation of 2-methylindeno-(l*:21-4:5 )-oxazole
An intimate mixture of 2-bromoindan-l-one (3.0 g.) 
and acetamide (0.84 g.) was fused on the ate am-bath. The 
initial yellow colour changed to red, and white fumes were 
observed in the reaction flask; the approach of a source of 
ammonia vapour did not cause the production of dense white fumes, 
indicating the absence of hydrogen bromide in the fumes evolved 
during reaction.
solution. After standing for 4 hr. the pale yellow colour of 
the original mixture had been restored; crystal-formation was
The resulting solution was poured into 3h-sulphuric
C1 H^-11N0S requires
Found: C, 71.97; H, 4.19 
C, 72.44; H, 4.18%
Ethanol (10 ml.) was added, yielding a reddish-orange
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initiated by shaking the solution in a stoppered flask, and the
product (O.58 g.), m.p. I20-123.50, on recrystallisation from
■
ethanol yielded colourless prisms, m.p. 132-133.5 .
Found: C, 37.22; H, 2.47; Br, 55-20
Calc, for C9H6Br20 : C, 37.28; H, 2.09; Br, 55.12$
From the m.p. and the empirical formula, the material
( g \
is characterised as 2:2-dibromoindan-l-one. Kippingv~^/ records 
m.p. 132° for this compound.
Attempted preparation of indeno-(l!:2*-4:5 )-oxazole
A solution of 2-bromoindan-l-one (3.0 g.) in ethanol 
(15 ml.) was added during 45 min. to a solution of formamide 
(0.73 g# ) in ethanol (20 ml.) heated under reflux. The mixture 
was heated for a further 7 hr.
After standing at room temperature for 3 days, the 
pale yellow solution deposited colourless prisms (0.03 g.), 
m.p. 122.5-125°, m.p. undepressed by mixture with 2 :2-dibromo- 
indan-l-one.
Attempted preparation of 2-methylindeno-(l*:2*-4:5 )-imidazole
Acetamidine hydrochloride (3.0 g.) was suspended in a 
mixture of chloroform (20 ml.) and 8N-sodium hydroxide (15 ml.), 
and the mixture was shaken until no solid remained. The odour 
of ammonia was apparent in the mixture, suggesting a degree of
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hydrolysis. The organic layer was washed once with water, 
dried (Na^SO^), and heated under reflux with 2-bromoindan-l-one j
(3.0 g. ) for 5^ hr. Solvent was allowed to evaporate from the j
mixture, and there separated from the orange residue pale ?
I
yellow crystals (0,73 6.)? which after washing with hot light |
petroleum (b.p. 60-80°) and recrystallisation from ethanol
oyielded 2:2-dibromoindan-l-one, m.p. 130.5-131 , m.p. mixed with ;i 
the product of condensation of 2-bromoindan-l-one and acetamide | 
131-131.50. Unchanged 2-bromoindan-l-one (1.85 g.) was recover-!
5
ed from the light petroleum extracts.
Acetamidine hydrochloride is decomposed into ammonia 
and acetamide by warming with excess sodium acetate and alcohol, 
but the mixture is more stable in the cold.
To acetamidine hydrochloride (1,34 g.) dissolved in 
ethanol (10 ml.) was added 2-bromoindan-l-one (3.0 g.).
The mixture was warmed gently; to the slightly warm mixture 
was added sodium acetate (1.0 g.) (the odour of ammonia was 
apparent immediately after the addition). Next day, a further 
addition of sodium acetate (2.87 g. ) and ethanol (10 ml.) was 
made, and the mixture was heated under reflux for 30 min.
The colour became dark brown; the mixture was cooled, and a 
small amount of dark solid, m.p. 234-254°, was filtered off.
Small brown crystals (0.1 g,), m.p. 234-254°, separated from 
the filtrate after a few days. The product was insoluble in 
the common solvents, even after suspension in alkali.
Indan^l:3-dione 
(Method of Kaufmannf )
Sodium wire (25 g.) and diethyl phthalate (dried over
\ tosodium; 125 g.) were heated together on a steam-bath; ^the
mixture was added during 90 min, ethyl acetate (122.5 g. ) and
absolute ethyl alcohol (2.5 ml.). Heating was continued for
6 hr.; the yellow suspension was cooled, diluted with ether
(50 ml.) and filtered. 2-Sodio-2-carbethoxyindan-l:3“hione
(96 g.) was washed with ether on the filter,
(a) ' The sodium salt (96 g. ) was dissolved in water (1400 ml.)
at 70°, and decomposed by the addition with stirring of 
27N-sulphuric acid (100 ml,). The mixture was cooled in an 
ice-bath; the indan-1 :3-dione (57*4 g.) which separated was 
collected, dried, and recrystallised from carbon tetrachloride
to yield as a first crop pale yellow needles (28.55 g.), 
m.p. 13105-132.5°.
Wislicenus^1^ ) records m.p. 129-131°,
(b) (Decomposition of the sodium salt by the method of
(16 )Ponzio and Pichetto'
A suspension of the sodium salt (10.0 g.) in ether 
(300 ml,) was shaken vigorously with aqueous sulphuric acid 
(10^; 50 ml.) until solution was complete. The ethereal layer 
was separated, washed with water, dried (CaCl^), and on
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evaporation yielded crude indan-1 :3-dione (4.3 s.).
2-Bromoindan-l:3~dione
(a) (Method of Flatow^^ )
Bromine (6.67 g. ) was added during 1 hr, to a suspens­
ion of 2-sodio-2~carbethoxyindan-l:3-dione (10.0 g. ) in carbon 
disulphide (30 ml.; distilled from PpO^) at room temperature. 
Precipitated sodium bromide was filtered off after 10 days, at 
which time reaction was assumed complete; the filtrate on being 
allowed to evaporate spontaneously deposited large colourless 
rhombs (2,26 g,), m.p. 96-103°* The crude product was not 
purified further because of the small yield (24f0 ) ,
(b) Bromine (3.0 g.) was added during 50 min. to a stirred
suspension of potassium chlorate (0.70 g.) in a solution of
indan-1 :3-dione (5.0 g.) in dioxan (12 ml.) and water (3 ml.)
at 78-79°, the whole being illuminated by a 60-watt lamp.
_o
The mixture was stirred at 78 for a further 40 min,, then 
cooled and diluted with ether (50 ml.). The ethereal layer was 
separated, washed with water, dried (NapSO^), and evaporated.
The residue on recrystallisation from n-heptane yielded pale 
green crystals (2.55 g.), m.p. 115-118°.
Zincke and Gerland^^ record m.p. 118-120°.
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(c) Indan-1:3-dione (23,5 g. ) was dissolved in warm
carbon tetrachloride (300 ml.), and the solution was cooled
rapidly to room temperature, when slight separation yielded
a suspension. A solution of bromine (7.83 g. ) in carbon
tetrachloride (20 ml.) was added during 2 hr, to the mixture;
copious fumes of hydrogen bromide were evolved after a  short
induction period, and bromine was added at such a rate that
it formed only a slight excess in the solution.
Solvent was distilled and the residue was then
distilled under reduced pressure; the distillate (13.35 g.)
o
solidified to white crystals, m.p, 106-108 , a portion having 
m.p. 113-114° after recrystallisation from n-heptane.
2:2-Dibromoindan-l:3-dione
A solution of bromine in carbon tetrachloride was 
added in large excess to a solution of indan-1 :3-dione (0.5 g. 
in carbon tetrachloride (10 ml.) at room temperature.
Hydrogen bromide was evolved; after standing for 2 hr. the 
solution was evaporated to dryness in a stream of air. 
the residual pale needles (0.7 g.) had m.p. 181-182°.
W i s l i c e n u s ^ , who prepared this compound by bromin 
ation in glacial acetic acid, records m.p. 176-177°.
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2-Thlocyano indan-1:3-hione
Solutions of 2-bromoindan-1:3-dione (1,00 g. ) and 
potassium thiocyanate (0.44 g.) in acetone (10 ml. each) were 
mixed; precipitated potassium bromide was filtered off, and 
the filtrate was evaporated. The dark residue, m.p. 110-112° 
was extracted repeatedly with ether; a pink solid (0.31 g.), 
m.p, 123.5-129.5°, remained after evaporation of the filtered 
ethereal extracts. On recrystallisation from n-heptane it 
formed a cream-coloured solid, m.p. 125-127°( m.p....depressed 
by further recrystallisation)^ which was shown to contain nitro 
gen and sulphur, but no bromine .
Attempted preparation of 31 -oxo-2-hydroxyindeno-(l ' : 2 ' . r ' A . * 5 ) ~
thiazole
Hydrogen chloride' (dried by passage through sulphuri 
acid) was passed for 2 hr. through a suspension of 2’-thiocyano 
indan-1:3-dione (l.OO g.) in ethanol (35 ml.) heated under 
reflux. A brown amorphous solid (O.37 g. ), m.p. 262-263° 
(decomp.) was separated from the resulting dark mixture by 
filtration, and freed from tar by washing with ethanol; the 
material was insoluble in the common solvents, and did not 
sublime at 120°/0.5 mm.
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Attempted preparation of 3 ' -oxo-indeno-(l*:2*-4 :5 )-thiazole
A solution of thioformamide (0.55 6.) in ether (25 ml.)
!1 I 1
was added during 30 min. to a solution of 2-bromoindan-1 :3-dione 
(2.00 g.) in ether (40 ml.) heated under reflux. The mixture
i [:
was heated for a further hour. The solution became turbid with 
the first, addition of thioformamide solution, and a red gummy 
solid separated during heating. The solid (1.55 g.) was 
collected after standing for days; its treatment with cold 
0 .5N-sodium hydroxide in a mortar liberated ammonia, and the 
alkaline extract contained bromide and sulphide ions. The 
residual yellow solid (0.22 g„ ) had m.p. 116-121°, and 1"
m.p. 119-119.5° after purification by vacuum sublimation; 
sodium fusion indicated the presence of nitrogen and sulphur.
!j |||
Found: C, 3.57; H, 0.12; N, 1.12; S, 94.94$
! !  i i  
i i ! :
Attempted preparation of 3 1 -oxo-2-aminoindeno-(l ' :2 ' -4:5 ) -thiazole 1'
! i  ii
Solutions of 2-bromoindan-1 :3-dione (1,00 g, ) and
j j
thiourea (0.34 g. ) in ether (total 50 ml.) were mixed and heated 
under reflux for 45 min., during which time a yellow-brown solid 
separated. It (0.61 g.) had m.p. 50-60°, but resinified 
within a few days. The solid was soluble in water, yielding a
Ii :
yellow acid solution (pH 2 ). Excess sodium hydroxide gave the 
solution a purple colour; evaporation of an ethereal extract 
of the alkaline solution gave no residue. On acidification
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with hydrochloric acid, the yellow colour was restored to the 
aqueous layer and could be extracted with ether.
3:5-Diphenyl-1:2:4-thiadiazole
A solution of 2-bromoindan-1:3-dione (0.5 g.) in ether 
(25 ml,) was added during 30 min, to a solution of thiobenzamide 
(0.31 g. ) in ether (10 ml.) heated under reflux. Heating was 
continued for a further 15 min.; the precipitated orange- 
yellow solid (0.32 g.), m.p,'99-102°, which separated during 
this time was collected after the suspension had been cooled.
The solid was treated with sodium hydroxide (0.5N; 10 ml.) in
a mortar; the residue (0.21 g.) had m.p. 65,5°, and the 
alkaline filtrate contained the bromide ion.
The base was purified by vacuum sublimation to yield
\ _ 
pale yellow needles, m.p. 86.5-87 .
Found.: C, 70.46; H, 4.13; N, 11.60; S, 13.38
Calc, for C14H10N2S: C, 70.58; H, 4.23; N, 11.77; S, 13.46 %
Cronyn and Nakagawa'1^^ record m.p, 8 9 - 9 0 °  for 
3;5-diphenyl-l;2:4-thiadiazole.
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! ;
I
Toluene~p-sulphonylanthranilic acid i
(Method of Scheifele and DeTar^2^ )
|!| ■)
A solution of sodium carbonate (260 g. ) in water !
(1500 ml.) was gently warmed on the steam-bath; addition of
\anthranilic acid (137 g . ) was carried out during 30 min., at
which time solution was complete and the temperature had
'
reached 70°. Toluene -jo-sulphonyl chloride (230 g.) was added
during 20 min, to the solution at 60°, then the solution was ^
o  ^^heated to 85 during 30 min. Charcoal (5 g.) was added, and
the mixture was rapidly filtered. |
i;
The warm filtrate was slowly added with stirring to 
6N-hydrochloric acid (500 ml,); the precipitated toluene-
f ! r
jo-sulphonylanthranilic acid (260 g.) was collected, washed with
■
2N-hydrochioric acid, washed with water, and dried.
j j ;
i!|
Toluene-p-sulphonylanthranllic acid chloride j
!!!
.
A mixture of toluene-£-sulphonylanthranilic acid 
(58 g.) and thionyl chloride (60 ml.) was heated under reflux 
until the initial evolution of fumes had diminished (l-| hr.). 
Excess thionyl chloride was distilled off, the last traces 
under reduced pressure, and the residue (59 g.) was recryst­
allised (charcoal) from carbon tetrachloride; the acid chloride! 
formed colourless prisms, m.p. 126.5-127.5°.
Schroeter and E i s l e b ^ l )  have prepared the acid
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chloride, m.p* 128-129°, by heating the acid with phosphorus |
pentachloride in benzene. !j.’
i|,
;j ■'
o-(Toluene-p-sulphonylamino)phenyl 2-thienyl ketone
Anhydrous stannic chloride (41 g. ) dissolved in If
carbon disulphido (50 ml.) was added during 1 hr. to a j!i
vigorously-stirred suspension of toluene-p-sulphonylanthranilic jj- 
acid chloride (48 g. ) in a solution of thiophen (24 g. ) in jj]
carbon disulphide (100 ml.) at 30°. The mixture was stirred j : l
for a further 2 hr., and then allowed to stand overnight. |
The carbon disulphide solution was decanted, and the j:
residual,tar repeatedly extracted with mixtures of ether and j
! i ' :
dilute hydrochloric acid. The carbon disulphide solution was lj
washed with dilute hydrochloric acid, and added to the ethereal jl
extracts. The organic solution was shaken with 0 .5N-sodium 
hydroxide (1000 ml.); the aqueous layer (carrying a little tar)
j |  '
was washed with ether, and diluted with water to 2500 ml. |j
Acidification with hydrochloric acid precipitated the ketone j
(46.3 g.), m.p. 118-121°, a portion of which formed pale yellow |
i i
needles, m.p. 124.5-125.50 , from ethanol,
(22) i
Steinkopf and Gunther . record m.p. 125° for
o-(toluene-p-sulphonylamino)phenyl 2-thienyl ketone. j
o~Aminophenyl 2-thienyl ketone hydrochloride !
i -
(Method of Steinkopf and Gunther^22 ^ )
A solution of o-( toluene -£-sulphonylamino )phenyl j:
2-thienyl ketone (46.0 g.) in sulphuric acid (98%; 400 ml,) [>
! ^
was allowed to stand at room temperature for 3 hr., then poured j:
| ;
on ice (800 g. ). The resulting mixture was filtered, and the |
I:
filtrate made alkaline with sodium hydroxide solution. [\
I'i
The mixture was extracted repeatedly with ether; the ethereal f 
extracts were combined, washed with water, and dried (NagSO^). 1 
The ethereal solution on evaporation yielded a yellow k 
oil, to which was added concentrated hydrochloric acid (20 ml.). j- 
The resulting white suspension was filtered, and the hydrochloride 
washed with a little hydrochloric acid. It (32.1 g. ) had |
m.p. 189-191°. • ]
Steinkopf and Gunther V record m.p. 188-189°. J
3* -Oxo-indeno-(l * :2* -3:2)-thiophen
(a) (Method of Steinkopf and Gunther^22 )^ i
To a solution of o-aminophenyl 2-thienyl ketone j
hydrochloride (12.25 g.) in 50% sulphuric acid (250 ml.) at 
room temperature was added a solution of sodium nitrite (3.80 g,) 
in water (10 ml.). After standing for 20 min. the solution j 
was gently warmed on the steam-bath; vigorous evolution of gas
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from the warm solution was accompanied by the separation of an 
orange-brown oil. When gas evolution had subsided, the mixture 
was cooled and extracted with ether; the ethereal layer was 
twice washed with N-sodium hydroxide (50 ml.), and the resulting 
pale yellow ethereal solution was dried (Na2S0 _^) and evaporated.
The solid residue on recrystallisation (charcoal) from 
ethanol yielded 3 ' -oxo-indeno-(l ’ :2 1 -3:2 )-thio'phen (2,93 g.), 
yellow needles, m.p, 107-109°; a second crop (0.22 g.) from the 
mother-liquor had m.p. 103-105°. The total yield of ketone 
(3.15 g.) was 33%.
(2P  ) oSteinkopf and Gunther record m.p. 109-110 for
3 1-oxo-indeno-(l ’:2’-3:2)-thiophen.
(b) To a solution of o-aminophenyl 2-thienyl ketone
hydrochloride (4.00 g.) in N-sulphuric acid (100 ml.) was added
a solution of sodium nitrite (1.00 g,) in water (3.5 ml.) and^ ?
copper powder (4.00 g,). The mixture was heated on the steam- 
bath for 20 min.; the cooled mixture was treated as in (a), 
and yielded two crops of 3 '-oxo-indeno-(l’:2*-3:2)-thiophen 
(0.53 g. and 0.36 g.), m.p. 105-108° and 102-105° respectively. 
The total yield of ketone (0.89 g.) was 29%.
I;
3* -Hydroxyindeno-(I* :2 1 -3:2 )-thiophen |
3’-Oxo-indeno-(l’:2’- 3 )~thiophen (3.36 g. ) was added 
to a warm solution of aluminium isopropoxide in isopropanpl 
(from 1.35 g. aluminium turnings and 40 ml, isopropanol) and the 
whole was heated under reflux during 1-J- hr. The mixture was 
cooled, and poured into ice-cold N-sulphuric acid (250 ml,); 
there was precipitated a colourless solid (3.95 g*) which after 
recrystallisation from ethanol had m.p. 116°. Further 
recrystallisation from n-heptane yielded colourless plates, I,
m.p. 110.5°, which depressed the melting-point of 3*-oxo- 
indenothiophen; intensive drying at 80°/0.1 mm. caused the 
material to lose its crystalline appearance, and 3 1-hydroxy- 
indeno-(l*:2 1-5;2 )-thiophen thus resulting had m.p. 116°.
Found: C, 69.38; H, 4.29
CnHgOS requires: C, 70.17; H, 4*28%
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Azido-reaction with 3 * -oxo-2-phenylindeno-(l' :21 -4: 5 )-thiazole
(a) Sodium azide (1.00 g.) was added during 50 min. to a
stirred solution of 3 '-oxo-2-phenylindeno-(l1:2*-4*5 )-thiazole 
(1,58 g.) in sulphuric acid (98%; 16 ml.) at 35-40°.
The mixture was stirred at 40° for a further 2 hr., then poured 
into ice-water (100 ml,); the precipitated mauve solid became 
yellow-brown on standing under the aqueous solution during
1-2 hr.
The solid was filtered off after 2 hr., and while 
moist treated with 2N~sodium hydroxide (20 ml.) in a mortar; 
the residue was collected, dried, and purified by sublimation.
At 120°/0.1 mm. an orange solid sublimed and was collected at 
intervals. The residue was heated at lB0-200°/0.1 mm.; there 
sublimed a yellow-brown solid, which was collected and washed 
with methylene chloride.
The first sublimate, and the orange solid resulting 
from the evaporated methylene chloride washings, were combined; 
the solid (0,55 g.) had m.p. 168-170°, m.p, undepressed on 
admixture with 3 1-oxo-2-phenylinaeno-(l’:2 '-4 :5 )-thiazole.
2-Phen,yl(iso )quinolono-(4, :3f -4:5 )-thiazole, m.p. 376°, 
was obtained as yellow needles from the second sublimate (0.82 g. 
m.p. 375°, "by recrystallisation from nitrobenzene.
Found: C, 68.95; H, 3.68; N, 9.86
C16h100n2s require: C, 69.05; H, 3.72; N, 10.07%
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o
(b) The identical reaction procedure, but at 0 , returned
3* -oxo-2-phenylindeno-(1 1 *2 ’ -4".5")-thiazole .
Azido-reaction with 3 *-hydroxy-2-phenyllndeno-(l1;2' -4-5 )-
thiazole
Sulphuric acid ( 9 8 1 . 0  ml,) was added during 10 min. 
to a stirred suspension of sodium azide (0,20 g,) in chloroform 
(6 ml.) at 0°. The stirred solution was warmed during 15 min. 
to 25°, and 3*-hydroxy-2-phenylindeno-(l’:21~4*5 )-thiazole 
(0.30 g.) was added during 1 hr. The mixture was stirred at 
25° 'for a further 1 hr., and the resulting yellow-brown solution 
was poured on ice (20 g.). The precipitated pink solid became 
yellow after the mixture had been allowed to stand overnight; 
the solid was filtered off. Chloroform (10 ml.) was added to
the filtrate, and the mixture was shaken vigorously and the 
layers were separated.
The solid was dissolved by shaking with a mixture of 
N-sodium hydroxide (10 ml.) and ether (15 ml.). The ethereal 
solution was dried (NagSO^), and the residue (0.20 g.), 
m.p, 80-140°, obtained on evaporation yielded colourless prisms, 
m.p. 146-146.5°, from benzene.
The chloroform extract was dried (HagSO^) and evap­
orated; the residue (0.11 g.) after recrystallisation from 
n-heptane formed prisms, m.p. 142.5-145°, and m.p. 143.5-145.5° 
mixed with the purified solid product isolated as above.
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The two parts of the product were combined, and 
2-phenyl (iso )quinolino-(4 1«3 1~4 »5 )-thiazole (0.25 g.), j
was obtained as colourless prisms m.p. 147° on final recryst- j 
allisation from benzene.
Found: C, 73.36; H, 3.83; N, 10.64; S, 12.58 j
C16H10N2S requires: C, 73.26; H, 3.84; N, 10.69; S, 12.2^ j
; j
Azido-reaction with 3 ’ -oxo-indeno-(l * :2f -3 '.2 )-thiophen Ii
it
' ' I
Sodium azide (3.58 g.) and sulphuric acid ( 9 S % ;  18 ml.) 
were added during 1 hr. in alternate portions to a’stirred' j[
solution of 3 ’ “oxo-indeno-(l ’ ;2 '-3:2 )-thiophen (4.93 g.) in j
trichloroacetic acid (55 g. ) at 50-55°. The resulting dark f
mixture was stirred at 50° during a further hr., then poured j 
into-water (500 ml.). The precipitated tar solidified on 
standing under water, and was collected and purified by sublim- j 
ation at 160°/0.1 mm., to yield a pale yellow solid (2.59 g. ), j
m.p. 260-265°; recrystallisation -from nitrobenzene yielded pale j
yellow prisms, m.p, 281°, of ( iso )quinolono-(3 * :d 1 -2:3 )-thiophen.:
1
Found: C, 66.27; H, 3.75; N, 6.80; S, 15.52
C11H70NS requires: C, 65.67; H, 3.51; N, 6.97; S, 15.94$
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Azldo-reaction with 31 ~hydroxyindeno-(l1 :2 r -3»2 ) -thiophen
(a) Sulphuric acid { 9 Q % ;  2.0 ml.) was added during 10 min. j
to a stirred suspension of sodium azide (0.36 g.) in chloroform j 
(7 ml.) at 0°. After a further 10 min., the mixture was warmed ! 
to 25°, and 31-hydroxyindeno-(l':2'-3:2)-thiophen (0.70 g.) j
i
was added portionwise during 1 hr.; the stirred mixture was 
maintained at 23-25° for a further 1-| hr.
The resulting dark mixture was poured into water j
(50 ml.), and the precipitated black solid (0.72 g.) was'coll- ; 
ected, washed with water, and shaken with a mixture of benzene j 
(20 ml.) and N-sodium hydroxide (30 ml.). The mixture was j
filtered; the benzene layer on evaporation yielded no residue, 
and the solid yielded a trace of dark oil on sublimation at j
i-
300°/0.5 mm. j
(b) .3’-Kydroxyindeno-(l’:21-3 :2 )-thiophen (0.70 g.) was
added with stirring during 30 min. to the mixture formed by the 
addition of sodium azide (0.36 g. ) to a solution of trichloro-,
9,06110 acid (10 g. ) in chloroform (10 ml,) at 30°. The result- ;
ing mixture was stirred at 30-35° for 2 hr., then poured into I
water; the aqueous layer was separated and washed with chloro- j
form (10 ml.). The chloroform solutions were combined, washed ; 
with sodium hydrogen carbonate solution, then with water, dried ! 
(NagSO^) and evaporated. j
The resulting green oil was dissolved in benzene and
- 143 -•
diluted with an equal volume of light petroleum (b.p. 40-60°); 
a  flocculent precipitate formed a dark powder on being collected 
and dried. It (0.05 g.) did'.not melt below 320°, and was 
shown by sodium fusion to contain no nitrogen; the evaporated 
mother-liquor yielded an oil which contained no nitrogen,
Azido-reaction with 3*-benzylideneindeno-(l1:21 -4:5 )-thiazole
(a) Sulphuric acid (98% ;  5 ml.) was added during 15 min.
to a stirred suspension of sodium azide (0.75 g. ) in chloroform 
(5 ml. ) at 0°. After a further 10 min, the stirred mixture 
was warmed to 27°, and 3'-benzylideneindeno-(l1:2’-4:5 )-thiazole 
(1.50 g.) was added during 1 hr.• To the resulting suspension 
was added chloroform (5 ml.) and sulphuric acid (93^; 5 ml,); 
the solid passed into solution, and the orange mixture was 
stirred at 27° for a further 2 hr.
The product was poured on ice (100 g.); chloroform 
(50 ml.) was added, and the mixture was allowed to stand over­
night. The chloroform layer was washed with dilute sulphuric 
acid, then with water, and dried (Na2S0^). On evaporation, it 
yielded a yellow solid (0.80 g.), m.p. 65-66°, m.p. undepressed 
on admixture with 3*-benzylideneindeno~(l’:2 '-4 :5 )-thiazole.
The aqueous layer and acid washings were made alkaline with 
ammonia, and extracted with ether; the dried (NagSO^) ethereal 
extracts yielded on evaporation an orange-yellow solid (0,07 g,), 
m.p, 45-50°, whose picrate, m.p. I7I-I730, had m.p. I7O-I730 on
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admixture with the picrate of 31-benzylideneindeno-(1 ’:21-4;5)~ 
thiazole, m.p. 174-176°. I
i
I
(b) Sodium azide (0.50 g.) was added during 50 min. to a
stirred solution of 3 ’-benzylideneindeno-(l1:2*-4:5)-thiazole 
(O.65 g.) in sulphuric acid (98%; 10 ml.) at 65-7O0 . The 
mixture was stirred at this temperature for a further 30 min., \ 
then poured on ice. I
The orange solution so obtained released no organic 
material to ether extraction; the solution was made alkaline \ 
with ammonia, and extracted with ether. The dried ethereal 
extract yielded no residue on evaporation. t
Azido-reaction with 3!-benzylidene-2-phenylindeno-(l*:2T ~4»5 )- I
thiazole
3*-Benzylidene-2-phenylindeno-(11:2’-415)-thiazole [ 
(0.29 g.) was added during 1 hr. to a vigorously-stirred mixture j 
of hydrazoic acid (from sodium azide, 0.09 g.), chloroform 
(2 ml.) and sulphuric acid (98%; 0,5 ml.) at 25°.
To the resulting suspension was added sulphuric acid j 
(98%; 0.7 ml.) and chloroform (3 ml.), and the temperature was 
raised to 45° during 30 min., and there maintained for a furtherf 
2 \  hr. Sulphuric acid (98%; 5 ml.) was then added to bring the ; 
suspended yellow solid into solution, and the resulting orange 
solution was stirred at 45-50° for a further 1 hr.
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The mixture was poured on ice, and extracted with
chloroform. The organic layer was washed with dilute sulphuric j
acid, dried, and evaporated; it yielded an orange solid (0.04 S.) 
m.p. 148-153°!* The aqueous layer was filtered, and the solid 
was treated with 2N-sodium hydroxide in a mortar. The 
residual solid (0.18 g.) had m.p. 152-156°; the m.p.s of both 
solid products were undepressed on admixture with 3 T-benzylidene-| 
2-phenylindeno-(l1:21-4 :5 )-thiazole.
Degradation of (iso)quinolono-(31-41 ;3)-thiophen
(a) (iso)Quinolono-(3*>4*-2:3)-thiophen (0.30 g.) was
added to a solution of potassium permanganate (2.97 g.) in water 
(30 ml.), and the mixture was heated under reflux for 3 hr.
The resulting purple mixture was filtered hot; the
solid was suspended in water, and the suspension saturated with 
sulphur dioxide. The residue (0.20 g.) had m.p, 278-280°, and 
did not depress the m.p, of (i_so)quinolonothiophen, The 
filtrate from the oxidation mixture was saturated with sulphur 
dioxide; it deposited a trace of white solid, m.p, 280°, on 
cooling. The white solid was collected, and the filtrate was
acidified (H2SO4 ) and extracted with ether. The ethereal 
solution was dried (Na2S0 _^) and evaporated, to yield a buff 
solid (0.07 g.), m.p. 178-181°, which contained nitrogen and 
sulphur and was not further investigated.
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(b) An identical reaction mixture was heated in a sealed
tube at 250° for 3*2 h r . ;  the product was treated as in (a), and 
returned only starting material, m.p. 279-281°.
Azido-reaction with o-aminophenyl 2-thienyl ketone
Sodium azide (1.00 g. ) was added during 1 hr. to a 
stirred solution of o-aminophenyl 2-thienyl ketone sulphate in 
sulphuric acid (from 2.00 g. amine hydrochloride and 10 ml. 
sulphuric acid) at 30°. The mixture was stirred at 30-33° for 
a further 1 hr., and poured into water (50 ml.)
The resulting aqueous solution was extracted with 
chloroform; the chloroform extract wad dried (l^SO^) and 
evaporated, and to the yellow oily residue was added concentrated 
hydrochloric acid ( 1 ml.). A white hydrochloride (0.40 g.), 
m.p. 183-186°, separated.
The aqueous solution was made alkaline with sodium 
hydroxide, and extracted with ether; evaporation of the dried 
(NagSO^) extract yielded a yellow oil, which gave a white solid 
hydrochloride (1.40 g»)> m.p. 176-178°, with concentrated 
hydrochloric acid (4 ml.).
The m.p. of each hydrochloride was not depressed by 
admixture with o-aminophenyl 2-thienyl ketone hydrochloride.
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Azido-reaction with o-(toluene-p-sulphonylamino)phenyl 2-thienyl
ketone
Sodium azide (0.08 g. ) was added to a solution of 
o-( toluene-p-sulphonylamino )phenyl 2-thienyl ketone (0.18 g. ) 
in sulphuric acid (98%; 5 ml.), and the mixture was stirred at 
25° during hr,
The resulting solution was poured into water (25 ml.); 
the yellow solution was made alkaline with sodium hydroxide 
solution, and extracted with ether. The dried (NagSO^) extract 
yielded a yellow oil on evaporation, which gave a white hydro­
chloride (0.09 g.), m.p. 188-192°, with concentrated hydrochloric 
acid (l ml.).
The m.p. of the hydrochloride was not depressed by 
admixture with o-amihophenyl 2-thienyl ketone hydrochloride.
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Raney nickel
(Nickel MCM; Hurd and R u d n e r ^ )
Nickel-aluminium alloy (33 g.) was added during 2 hr. 
to a stirred solution of sodium hydroxide (42 g.) in water 
(160 ml.) at 10-15°. The resulting suspension was allowed to 
stand for 2 days; the solid' was washed by decantation with 
water until the washings were neutral to litmus. The nickel 
was then washed well with ethanol, and stored under this solvent.
Portions of the nickel, when required, were weighed 
out under ethanol; a flat-bottomed tube was filled to a marked 
level with ethanol, and weighed. The nickel was transferred 
to the tube and allowed to settle; ethanol was decanted to 
bring the liquid level to the mark. The tube and contents 
were then reweighed. An error is introduced if no allowance 
is made for the volume of the nickel, but this was disregarded 
in the present work.
A sample (1.0 g.) of the nickel so prepared was added 
to a solution of thiophen (0.1 ml.) in m-xylene (100 ml.), and 
the mixture was heated under reflux during 5-6 min. The 
filtrate no longer gave a positive indophenin reaction, 
characteristic of thiophen (with isatin and sulphuric acid).
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Raney nickel desulphurisation of (iso )quinolono-(3 1 i4! -9 :3 )-
thiophen
Raney nickel (1.0 g,) was added to a suspension of 
(iso )quinolono-( 3 ' :4 * -2:3 )-thiophen (0.10 g. ) in m-xylene (25 ml.1 
and the mixture was heated under reflux during 6 hr.
4-Ethyl(iso)carbostyril (0.07 g.) was obtained as a \ 
white solid, m.p. 188-190°,* by evaporation of the filtered 
mixture; minute prisms, m.p. 194-195°, were obtained after 
recrystallisation from n-heptane.
Found: C, 75.68; H, 6.16; N, 8.09
C11H11N0 requires 76.28; H, 6.40; N, 8.09^ \
4-Ethylcarbostyril has m.p. 197°, and yields a picrate,i 
m.p. 149-1500 (ifBhnlich^2^  ); the above desulphurisation product 
did not yield a picrate with a saturated ethanolic solution of j 
picric acid. I
. I
Degradation of the desulphurisation product from (iso)quinolono- j
(3 f-4 *-9;3 )-thiophen j
(a) Dichromate oxidation
Sulphuric acid (9 8 0.7 ml.) was added to a suspension 
of 4-ethyl(iso)carbostyril (0.05 g.) in a solution of sodium 
dichromate (0.5 g.) in water (1.0 ml.). The resulting mixture 
was heated under reflux for 30 min., then diluted with water.
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The green solution was made alkaline with ammonia and filtered; 
the violet filtrate slowly deposited a grey solid, and some 
colourless crystals. The solid mixture was collected and 
extracted with hoiling benzene; the extract on evaporation 
yielded only a trace of residue.
(k) Permanganate oxidation
Potassium permanganate solution (1.5%; 30 ml.) was 
added to a solution of 4-®thyl(iso )carbostyril (0.10 g. ) in 
2N-sodium hydroxide (20 ml,). The resulting emerald green 
mixture slowly deposited a brown solid, which was filtered off 
after 18 hr.
The colourless filtrate was concentrated to 15 ml., 
and acidified (H2SO4) to pH 3 . There precipitated a white 
solid (0,05 g.), m.p. 187-188°, m.p. undepressed on admixture 
with 4-ethyl(iso)carbostyril. The filtrate was evaporated; 
a portion of the solid residue failed to give the indophenin 
reaction when its solution in sulphuric acid was shaken with 
a 0.1% solution of thiophen in benzene.
2-Hydroxycinchoninic acid
(Method of Jacobs et, al. ^)
Isatin (18.0 g, ) was added to acetic anhydride (55 ml. 
and the stirred mixture was heated under reflux for 4 hr.
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The mixture was cooled in ice and filtered; the solid was 
washed with ether on the filter.
Crude N-acetvlisatin (17.9 g.) so prepared was added 
to a solution of sodium hydroxide (9*0 g. ) in water (500 ml.). 
The stirred mixture was boiled for 1 hr. After cooling 
somewhat, charcoal (l g.) was added, and the hot mixture was 
filtered; the cooled filtrate was acifified to Congo Red with 
6N-hydrochloric acid. The precipitated 2-hydroxycinchoninic 
acid (20,0 g.) was collected, washed with water, and dried at 
90-100°.
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Desulphurisation of 2-phenyl(Isojquinolono-tA1•3 *-4?5 ) -thiazole
Raney nickel (1.0 g.) was added to a solution of 
2-phenyl(iso)qulnolono-(4!•3 * 5)-thiazole (0.1 g.) in m-xylene
(25 ml.) and the mixture was heated under reflux during 6 hr.
The warm mixture was filtered; 4-benzylamino- 
(iso )carbostyr;Kl (0.06 g. ), m.p. 242-245°, separated from the 
filtrate as white prisms, whose m.p. was unchanged by recryst­
allisation from nitrobenzene .
Found: 0, 76.20; H, 5.41; N, 11.05
c16h14n2° requires: 0, 76.79; H, 5.64; N, 11.19%
Desulphurisation of 2-phenyl (iso )quinolino-(4! > 3  1 "4«5 )~thiazole
Raney nickel (1.0 g.) was added to a solution of 
2-phenyl(iso)quinolino-(4>.31-4*5)-thiazole (0.1 g.) in m-xylene 
(25 ml.) and the mixture was heated under reflux during 30 hr. 
The mixture was filtered, and m-xylene was removed from the 
filtrate by distillation under 50 mm.
A trace of liquid residue yielded a picrate, 
m.p. 140-1500, from which was isolated yellow needles, 
m.p. 227-229°, by recrystallisation from ethanol.
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Fluorenone hydra zone
(Method of Arcus and Mesley(^5))
To a solution of fluorenone (32 g. ) in methanol (12 ml.) 
was added hydrazine hydrate (12.3 g.); the mixture was heated 
under reflux on the steam-bath for 5 min. The resulting yellow 
oil solidified on cooling and was recrystallised from methanol 
to yield fluorenone hydrazone, pale yellow needles (21.1 g. ), 
m.p, 14-4 ”147°.
Arcus and Mesley record m.p, 148-149°.
Attempted rearrangement of fluorenone hydrazone
Fluorenone hydrazone (4.00 g.) was stirred into 
polyphosphoric acid (40.0 g; prepared from equal weights of 
phosphoric axide and phosphoric acid) at 130°. The mixture 
was maintained with stirring at this temperature for 10 min,, 
and then poured into water (150 ml.). The orange precipitate 
was collected and washed with water; it (4.55 g. ) had h?.^ . 
m.p. 267-269° before and after grinding with excess cold 
2N-sodium hydroxide. On recrystallisation from toluene, it 
yielded violet-red needles (3.81 g.), m.p. 272-273°.
Curtius and Kof^2^  record m.p. 265° for fluorenone 
azine, which in their hands was in the form of dark red needles 
with a blue surface glance.
Attempted preparation of phenanthridone from fluorenone hydrazone, |j
|; i
by diazotisation and subsequent rearrangement
..
To a stirred suspension of fluorenone hydrazone (4.0 g.) •
o
in N-hydrochloric acid (55 ml.) at 0 was added a solution of 
sodium nitrite (1,45 g.) in water (5 ml.). Vigorous frothing 
occurred; after standing at 0° for 10 min., the resulting 
suspension was poured into boiling 2N~sulphuric acid (60 ml.), 
and the mixture heated at the boiling-point for 10 min.
The product was cooled, and the solid (3.45 g. ) was 
collected. Its recrystallisation from pyridine yielded shiny 
dark red needles of fluorenone azine (0.95 g.), m.p. 272°.
The pyridine mother-liquor, on dilution with 5 volumes of hot 
water and after filtration, deposited yellow crystals (1.33 g.), 
m.p. 79-80°, and mixed m.p, 79-81° with fluorenone, m.p. 81°.
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